














> NA TURE 





oA Weekly Journal of eo SNES 





Vol. 181, No. 4609 





TECHNE 
TEMPUNIT 


The Techne Tempunit is a 
self-contained constant tem- 


. perature control for fitting to 
| any vessel. 


@ Indicating Thermostat. 

® Patented pneumatic control. 

@ + .05°C. in unlagged 4 gallon 
bath over the range, room 
temperature to 90°C, 

® Circulation to external 


apparatus, 

® Brushless silent motor. 

® Rugged solid drawn 1000w. 
heater. 


© Efficient stirrer. 

® Available for 200/250v., 
50 cycle a.c. or 100/120v., 
50/60 cycle a.c. supply. 


Sor full 
details write 
or telephone 


SATURDAY, MARCH 1, 1958 


Vener 





HYDROGEN 
LAMPS 


Provide a source of continuous 
ultra-violet from 3,700A to 
below 2,000A., with a smooth 
spectral distribution. 


SPECTROPHOTOMETER CELLS 


Vitreosil, pure fused quartz 
spectrophotometer cells are 
available, matched or un- 
matched, in rectangular or 
cylindrical form, with open 
tops or stoppered. 


We also manufacture an extensive 
range of Vitreosil Industrial Ware. 


THE THERMAL SYNDICATE LTD. 





P.O. Box No. 6, Wallsend, Northumberland. Tel: Wallsend 6-3242 


London: 12-14 Old Pye St., Westminster, S.W.1. Tel: ABBey 5469 j 


TECHNE (CAMBRIDGE) LTD., 
DUXFORD, CAM@RIDGE, ENGLAND Tel: Sawston 2246 


REFRIGERATOR 
CENTRIFUGES 


IN THE 4/6000 SPEED RANGE 


Largest capacity ... 





... lowest price 


All Models are fitted with hermetically sealed and fully 
guaranteed refrigerator units. The larger Models— 
“Magnum” and “Major”—have stainless steel centri- 
fuging bowls. Detailed catalogues on request. 


EASURING & SCIENTIFIC EQUIPMENT LTD. 
INSER STREET, LONDON, S.W.1. Vitoria 5426 

















ooxxxii NATURE March 1, 1958 


accurately WE Mi FASURE 
EVERY ASPECT OF VACUUM APPLICATION 


AND SPEEDILY LOCATE THE TINIEST VACUUM LEAK! 








With the most comprehensive range of 


Precision vacuum gauges and ultra-sensitive 
leak detectors in the world! 





THERMIONIC IONISATION LKB “‘AUTOVAC” (LKB-Produkter) 
RANGE: 10- to 10-!° mm. Hg. RANGE : 0-001 to 70-0 mm. Hg. 
For the continuous indication of the highest A new Pirani-like gauge which extends to 
vacua. higher pressures than those normally 
associated with this gauge. 
KNUDSEN 
RANGE : 10~ to 10-? mm. Hg. McLEOD 
The only high vacuum gauges measuring RANGE: 10-0 to 10-* mm. Hg. 
absolute pressures of gases or vapours. The classic gauge which retains its supremacy ; 
as the standard reference gauge against eee 
PENNING-TYPE IONISATION which all other gauges are calibrated. aise 
RANGE: 5 x 10-* to 10-5 mm. Hg. HEH 
A gauge in the high vacua range with valu- ““VACUSTAT’’ MINIATURE McLEOD ee 
able operational advantages for industrial RANGE: 10-0 to 10-* mm. Hg. HE 
service. Only 9 in. high . . . in various forms for ike 
bench use . . . control panels . . . fusing to Het 
COMBINED VACUUM GAUGE glass systems. = 


RANGE: 0-5 to 10-5 mm. Hg. 
A combined gauge covering the Penning- BAROMETRICALLY COMPENSATED 
type ionisation and the Pirani-type. Par- CAPSULE DIAL GAUGE 


ticularly valuable for industrial vacuum 
systems. RANGE: 760 to 1-0 mm. Hg. 


HH 


Also a complete range of oil and mercury manometers 





For better vacppm service... miancies: GUscoW "TORONTO & MUAN 


EDWARDS [IG VACUUM 1 sn] 


MANOR ROYAL - CRAWLEY - SUSSEX CRAWLEY 1500 (10 LINES) EDCOHIVAC CRAWLEY 


























Inhi 






Sosssssessseessessscssssecsssssessses 


aeteeeat 












Suds atesstutesstiest 


seSeuashastaieuiiesiined 





i 





NATURE 




















No. 4609 SATURDAY, MARCH I, 1958 Vol. 181 
Page 
Local Administration in a Technological Age : : ‘ ‘ . 583 
4 4 

Steam Intellect Societies. By Prof. W. H. G. Armytage ; ‘ - Sa 
An Ecological Perspective. By Prof. J. oer i , - 586 
Sixth-Form Physics. By W. H. Dowland . é : ‘ ‘ - 586 
The Phase Rule. By Dr. F. Din ‘ : : : : ‘ ; ‘ . 587 
Properties of Synthetic Piezoelectric Crystals, By Dr. Warren P. Mason . : ‘ é : : : . 588 
Hemolytic Disease of the New-born ‘ : j : 4 a ; ° . 588 
Practical Modern Microscopy. By Dr. John R. Baker ‘ ; : 5 : . 589 
H. K. Mookerjee Memorial Volume. By Dr. A. Glucksmann : ° . . 589 
Non-Flowering Strains of Herbage Grasses. By Prof. M. Y Peterson, Dr. a0: Conbir and P. B. ‘Ves : . oe 
Radiometric and Geochemical Survey Techniques. By S. H. U. Bowie : 594 
Climate, Vegetation and Land Utilization in the Humid Tropics. ba Prof. L. ‘Dudley Stamp, | C.B. E., and Prof. P. W. 

Richards ; : : ; : , ‘ j : 596 
Obituary : 

Prof. H. A. Kluge. By Anna B. Hastings and Dr. H. Dighton Thomas ‘ ‘ ; : 2 ; ae 
News and Views ‘ ‘ : ; : ‘ ; ; ; ; : é 
Column Packings for Gas Chromatography. Dr. D. H. Dest ; ; : : ‘ : F ; . 604 
The British Flora in 1957. By J. E. Lousley. ; ; / ; Z ; ‘ : ‘ . 605 
The Geographical Association. By R. C. Honeybone — : . 606 
The National Physical Laboratory. By S. Weintroub ‘ , . 607 
Universities of Latin America . ; ; : . 609 
Overseas Service in British Colonial Territories . : ‘ . : : . 610 
Management Training : ‘ ; ? ‘ : ; : 2 F k ; . 6il 
The Linnaeus Tradition and Our Time. : e . 6ill 
Stress in Hypothermia. By H. S. Samuli Sarajas, Paula Nyholm and Paavo Suomalainen . 612 
Effect on Radiosensitivity of Inert Gases. By Dr. Michael Ebert, Mrs. Shirley Hornsey and Dr. Alma Howard ; ” John 

y A Y 
Read. P ® , : ‘ ° : : : - 5 . 613 
Letters to the Editors : 
Ultra-structure of the Insect Ear.—Dr. 'E. G. Gray and Prof. Activation of a Permeability Factor in Plasma by — — 
R. J. Pumphrey, F.R.S. 618 Glass.—Dr. J. Margolis . 635 
Relation between Nucleolar Volume “and Cell Body ‘Content of a-Picoline from Rumex obtusifolius is; Wilkinson 636 
Ribonucleic Acid in satiiaian <0 Neurones.—J.-E. Edstrom and Interaction of Hormone and Bpoenperiod in an Early Variety of 
Antigenieley of Avidin.—Dr. D. V. Siva Sankar, Barbara J, C oe Rt® ies sad G. Seb imo 
ntigenicity of Avi in.—Dr. iva San ar, arbara ‘ossano, f | { Hydreph “ee 
Henry W. Theis and Carol R. Marks 619 P. Nagels TTT the ‘Preparation ° eer a? 638 
et ee Test in Normal and Thyroxine-treated 620 Separation, Detection and {Estimation of C21 17: 20-Dihydrony- as 
oo: methyl-steroids.—Dr. R. |. : 
A pie Clarinntala” — for Estrogens. —L. Martin and Dr. 620 A New Reaction for the Differentiation of cis- and trens-lsomers of 
Serological Determination of Developing Muscle Protein in Chick Nitrophenylhydrazones of some a-Keto Acids.—Hirohiko Katsuki, 
Embryo.—Dr. Yoshito Ogawa, Takatada Kawahara and Jiroo Seman ey Sumizu, Tarumi Moriwaki, sbid Tanaka and Ichiro ee 
Miura . 621 ayashi : : 
A Special Reaction of the Complement Fixation Test applied to The a-8 Transformation in Keratin.—A. R. B. Skertchly . 639 
the Study of Tumours.—Prof. A. Serra, G. Guarini, P. Lovisetto, Parente Aromatic Compounds in Coal.—Dr. D. W. van Kreve- 
D. Castelli and F. Balzola 622 len, M. P. Groenewege and B. J. Rietveld ; ‘ 640 
Effect of Aldosterone Monoacetate and Deoxycorticosterone Acetate Identification of M-Regions on the Sun.—Dr. Kurt wera F 641 
on Alkaline ‘eae Activity in the Liver of Rats.—Dr. Amiya Dependence of Heat Capacity on Thermal History.—J. . Lock, 
B. Kar and R. P. 623 D. H. Parkinson and L. M. Roberts 642 
Conversion of 4 Acid to Quinolinic Acid in Mean Free Path of Phonons in a Lead Crystal. <6. 4: McCallum 
Presence of Rat Liver treated with epee and P. A. Egelstaff 643 
E. Quagliariello, S. Auricchio and E. Rinaldi - 624 Magnetic Susceptibility of the Alley Pe. Fe between 20 and 900 
Demonstration of Antibody in Passive Tr ion Degrees Absolute.—Prof. J. Crangle 644 
to Crocker Tumour in Mice, using the Schultz-Dale Technigue Correlation between lonizing and Attachment Coefficients and 
—Prof. B. D. Baruah - 624 Breakdown Characteristics for Carbon Tetrafluoride.—P. R. 
eee er ew of Cortisone, —Dr. E. R. Trethewie sisieaiad 625 Howard 645 
uantitative Determination o! holinesterase Act vity tn individua 
End-plates of Normal and Denervated Gastrocnemius Muscle.— Periodicity in Sea Roughness and Origin of Microseisms. —Dr. 
M. Brzinand Prof. J. Zajicek 626 J. anda, K. Achyuthan and N. K. Balachandran ‘ 646 
Metabolism of the Perfused Cat Brain during Metrazol Convulsions Refraction of Microseisms.—H. M. lyer, D. Lambeth and B. 5. “6 
and Electroshock.—C. Allweis and Dr. J. Magnes. - 626 Hinde . 
Isocitri.ase in Germinating Marrow Seeds.—M. T. Heydeman . 627 Total Sulphydryl Content of Embryos of Arsenic-resistant and 
Coenzyme A and Aldolase in Rubber-bearing Plants.—J. A. Gas- sensitive Strains of the Blue Tick, Boophilus decoloratus.—M. E. 
coigne, Dr. W. G. Overend, Moir and Dr. G. Hiibscher 628 Thompson and A. M. Johnston 647 
Para-Amino-Benzoic Acid and Sulphanitamide in the Nutrition of Occurrence of Strains of the a Polyhedral Virus of the Wattle 
Neurospora crassa.—Prof. D. V. Siva Sanka’ 629 orm.—L. L. J. Ossowski . 648 
Ferulic and p-Coumaric Acids in Pineapple Thies as Modifiers of A Shorter Microbiological Assay Method for Oxytetracycline and 
ic Acid Oxidase.—Dr. Willis A. Gortner, Chlortetracycline.—Nyiri Laszlé 648 
Marthe J. Kent and Dr. G. K. Sutherland 630 Distemtineties of on ‘albo-atrum through the Atmosphere. 
In vitro Culture of Ovaries of Iberis amara L.—Nirmala Mahesh-. . R. Davies and Dr. |. Isaac. 649 
wari and Manohar Lal. 631 The Giant Rat of East Africa.—J. G. Halcrow 649 
Formation of Oxalacetate and Aspartate from Phospho-Enol- Seed-coat Structure of Yellow Chinese Rape.—Dr. John 'G. Vaughan 650 
Hager ny Noo ‘as py a oy Lawson L. Rosen- 632 Nomenclature of Cell Strains.—Dr. John Paul 650 
anes Soa sok ee ter Histological and Chemical Changes in the Rat Pituitary Neural 
wcsotenns of Osteria Or, Wi BOP iceman |. 33 Lobefoliowing Trestment with Neurohpophysial Subvtanees— 
R hi r e Groot 
eaction of Ethylene Bromide with Trimethylamine and the Crype is edu ta British Mink.—H. Sidin steTaggare 651 


Neuromuscular Blocking Activity of Ethylenebis-(Trimethyl- 
ammonium).—Dr. Allan P, Gray and Thomas B. O'Dell ‘ 


634 





Multiple-Mutation Theory of Carcinogenesis.—J. C. Fisher . 


cexlii NATURE March I], 1958 











BACTO-C PROTEIN ANTISERUM 
NEW for detection and quantitation of 


inflammatory diseases. 


BACTO-STREPTOCOCCAL ANTISERA 


for detection of Streptococci of 
Groups ABCD FG. 


ANTISER A BACTO-E. COIL! OB and O ANTISERA 


10 SEROTYPES and 2 POLYVALENT 


for identification of Enteropatho- 
genic E. Coli Serotypes. 


Specify DIFCO} Antisera 


POTENT e SPECIFIC e RELIABLE 
BAIRD & TATLOCK (LONDON) LIMITED 


SOLE AGENTS FOR GREAT BRITAIN 
FRESHWATER ROAD, CHADWELL HEATH, ESSEX 











General Medical Council 


BRITISH PHARMACOP@GIA 1958 


This new edition of the Pharmacopceia supersedes, as from September 1, 1958, the British 
Pharmacopeeia 1953 as amended by the Addendum 1955. The book has been completely 
revised and greatly extended. It now contains 826 monographs of which 160 deal with 
substances and preparations new to the Pharmacopeia. 

The monographs provide standards and methods of test for a wide range of inorganic and 
organic compounds, synthetic chemicals, antibiotics and biological substances and also for 
preparations, including tablets, injections and ointments. 

There are 27 Appendices providing descriptions of chemical, physical and biological assay 
procedures including: 

Quantitative tests for arsenic and lead. 

Determination of melting-point, boiling-point, viscosity and light absorption. 
Determination of ash, alcohol content, and total solids. 

Chemical analysis of fixed and volatile oils. 

The Appendix on biological assays and tests includes a section on the design and accuracy 
of biological assays and methods for antibiotics, serological and bacteriological products, 


hormones, etc. 
Publication Date: March 3, 1958 Official from: September 1, 1958 
Pages xxvi + 1012 Postage 2s. 3d. (overseas 4s.) Price 63s. 
Published for the 
General Medical Council 
by 
THE PHARMACEUTICAL PRESS, 17, Bloomsbury Square, London, W.C.1 




















March 1, 1958 


No. 4609 


NATURE 


583 


LOCAL ADMINISTRATION IN A TECHNOLOGICAL AGE 


DDRESSING the Association of Municipal Cor- 
porations last September, Sir John Wolfenden 
asked what would be lost if the whole panoply and 
paraphernalia of local government were scrapped and 
the administration of Great Britain undertaken by 
local agents of the central authority. The question 
deserves @ considered answer before, and not after, 
judgment is passed on the Local Government Bill 
now before Parliament; the Windscale incident 
alone is sufficient reminder that the issues are not so 
remote from the scientist and technologist as might 
appear at first sight. That the question should be 
asked at all is evidence that a well-known passage in 
de Tocqueville might not pass unchallenged to-day : 
“Local assemblies of citizens constitute the strength 
of free peoples. Town meetings are to liberty what 
primary schools are to science; they bring it within 
the people’s reach, they teach men how to use and 
enjoy it. A nation may establish a system of free 
government but without the spirit of municipal 
institutions it cannot have the spirit of liberty’. 
In this passage de Tocqueville was concerned with 
the function of local government in civic self-education 
and, as was made clear in the three White Papers 
which preceded the Bill, and again by the Minister 
of Housing and Local Government, Mr. H. Brooke, 
in moving the second reading of the Bill on December 
9, that is @ main purpose of the Bill—to create con- 
ditions in which local government can gain new 
vitality. As was said in the first of the White Papers, 
on “Areas and Status of Local Government Author- 
ities in England and Wales’: “The test of any 
system of local government in this country should be 
whether it provides a stable structure, capable of 
discharging efficiently the functions entrusted to it, 
while at the same time maintaining the local demo- 
cratic character’. In introducing the Bill, Mr. 
Brooke rejected, however, the argument of this 
White Paper that comprehensive reform is unneces- 
sary, and claimed that the Bill, while retaining the 
broad lines of the existing system of local government 
as the framework of re-organization, points the way 
towards achieving effective local government in 
present circumstances without going too far and 
causing rigidity. The financial provisions, in par- 
ticular, he said, are designed to strengthen the local 
character of local government~ by enabling local 
authorities to exercise greater responsibility over the 
expenditure of money in their own areas, and in the 
provisions relating to the area and status of all con- 
cerned, the local authorities, the two Local Govern- 
ment Commissions and the Minister are enjoined to 
secure “effective and convenient local government’’. 
During recent years, much public discussion besides 
the series of White Papers has prepared the way for 
the Bill. Mr. H. Maddick, for example, in an article 
in the Westminster Bank Review entitled ‘Local 
Government—Partner or Agent ?”’, some three years 
ago discussed essentially this question put by Sir 


John Wolfenden. Mr. Maddick unhesitatingly 
answered “Much” to Sir John’s question and 
argued that, in spite of the admitted dangers, in most 
areas the quality and nature of the local services 
should be left to the action of local inhabitants. It is a 
most cogent argument for a continuing, viable system 
of local government that it teaches citizens how 
democracy works in a context that is not too wide 
and too complex for them to understand; it pro- 
vides them with expert advisers who are familiar 
with all the local problems and peculiarities ; and it 
brings them up against the cost of providing 
services. 

It is significant, in view of the trend of Opposition 
criticism in the House of Commons of the present 
Bill, that Mr. Maddick particularly specifies the value 
of the much wider realization of the cost of education 
to be secured in this way, and he would obviously 
support the Government’s policy to place education, 
so far as possible, under local control ; nevertheless, 
he recognizes the difficulties over finance and stresses 
the importance of providing local authorities with 
alternative sources of finance, at once adequate, resil- 
ient and independent of Government sanction. He 
also supports the principle of block grants rather 
than percentage grants, and suggests that more 
could be done to bring the experience of one locality 
to the notice of the council and electors of another. 
Further research into such questions is needed which, 
he suggests, could be the main function of a central 
department. 

The most casual reading of the debate in Parlia- 
ment on the second reading of the Bill indicates the 
value of such independent academic opinion. Con- 
cern about the possible effect of the Bill on education 
led to attacks which were pressed with complete 
disregard of the impossibility of effective reform 
of local government unless the local authorities were 
entrusted with greater responsibilities and, ipso facto, 
with the possibility of making mistakes. Yet Mr. 
Frank Bower, in an article in Progress last year, 
written after the publication of the first of the White 
Papers, argued convincingly that the present financial 
subservience to the central Government needs to be 
replaced by a real independence and correspondingly 
by a real responsibility to the ratepayers. A revision 
of the functions of central and local government in 
this sense would eliminate much waste of effort and 
money in the detailed control of local authorities 
from Whitehall, and by giving new vitality and 
independence to the local authorities would also 
encourage responsible citizens to undertake the work 
of councillors. 

Once again, Mr. Bower recognizes the difficulty 
over education, which represents some seven-eighths 
of all expenditure on the dozen services covered by 
the Government’s proposed block grant; but he 
points out that while the central Government should 
assist the local authority by a block grant to provide 
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@ minimum standard of service, the authority could 
be left to add to that standard at its discretion and 
its own cost. Mr. Geoffrey Lloyd has indeed affirmed 
most specifically his intention of seeing that standards 
are observed. It is no part of the Government’s 
policy, he said in the debate on December 10, to 
reduce the central Government’s grant aid to local 
authorities’ expenditure on education or to freeze 
the contribution at its present level; on the con- 
trary, the Government’s policy is to increase that 
contribution in accordance with the conditions laid 
down in Clause 2 of the Bill. In this speech, Mr. 
Lloyd laid bare what appears to be the hard core of 
the opposition to the Bill—the fear that the local 
authorities will be unwilling or unable to provide the 
money required. It is clear, as Mr. Lloyd pointed 
out, that the changes proposed in the Bill will 
involve education (and other) committees much more 
closely in explaining and defining their proposals to 
their councils and finance committees and to local 
public opinion, and this is undoubtedly all to the 
good. If indeed local authorities are not to be trusted 
to administer so vital a service and fail to seek the 
essential understanding and support from local 
public opinion, they will frustrate the national policy 
approved and provided for by Parliament ; in that 
event we may well turn to the further question asked 
by Sir John Wolfenden: Is local government in 
danger of ceasing to be government at all ? 

In the debates on December 9 and 10 the Opposition 
seemed to take the view that local government has 
already gone far towards becoming simply a system 
of local administration of national policies ; but there 
is substance in Sir John’s contention that local agents 
of a central authority are not necessarily less sym- 
pathetic than local authorities to local needs and can 
be just as good from the point of view of sheer 
efficiency. The retention of local government cannot 
be justified on such grounds, least of all when local 
councils are increasingly content to behave as agents 
of the State, rather than as independent bodies, 
serving in matters of national concern as its junior 
partners but carrying the primary responsibility for 
social welfare in local affairs. Throughout the debate, 
the chorus was not of dependence on Government 
grants but of the inadequacy of those grants: the 
manifest loyalty of local councillors was not so much 
to local government itself as to their own adminis- 
trative unit. Yet until local government as such 
receives not merely lip service but also the devotion 
and firm support which can break the present 
vicious spiral and over-ride the prejudices and 
obsolete patterns which have caused its structure to 
lose all touch with rapid changes of twentieth-century 
life, there is no hope of effective reform. Independent 
and impartial observers and students have pointed 
the way, although social and technical changes have 
enormously extended both the scope and scale of 
the services which local authorities are required to ad- 
minister. But the whole task would still be well within 
the competence of local government, organized on a 
two-tier basis, if its administrative units had been 
adapted to the radical changes in the pattern of town 
and country life and social habits, and if Parliament 
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had conceded the financial resources of independ- 
ence. 

This, however, is not to assert that local authorities 
and local electorates are enlightened enough about 
national needs for a service so important as education, 
for example, to be entrusted more closely to their 
responsibility ; but without such trust and respons- 
ibility the prospect of progress is slight. Indeed, 
local government reform fundamentally is a task of 
education—of awakening and holding the interest 
and loyalty of the average citizen, of bringing him to 
an awareness of the issues that will lead him to 
vote the necessary supplies and to resist the blandish- 
ments of those who wish to bring party political views 
to bear. For the sound administration of both local 
affairs and national affairs in this technological age, 
the average citizen must be sufficiently aware of such 
issues. 

That is the real reason why local government is 
the concern of those who wish to see the fullest 
public benefit derived from the application of 
scientific knowledge. Effective delegation of local 
issues to the maximum extent is the only way of 
easing the pressure on the central administration, and 
making the task of central government possible 
among the complexities of to-day without resort to 
autocracy or dictatorship. Local administration is 
essential, moreover, not simply to lighten the burden 
at the centre but also for the value of the contribution 
it can make to efficient government itself, and to the 
preservation of the personal touch and awareness of 
human issues; it can keep the central adminis- 
tration itself sensitive to public needs and views, as 
well as stimulate a closer interest on the part of 
the citizen himself, and a sense of being able to 
influence his own affairs. 

One difficulty is that of reconciling a shift of 
responsibility with the needs of good administration, 
when most functions call for highly specialized staff 
and some may require substantial resources and can 
be administered efficiently and economically only on 
the basis of large areas or populations. Even here, 
however, as the experience of the Nature Con- 
servancy and the National Parks Commission 
indicates, without local understanding and support 
it is difficult to achieve the ends of national policy 
or to eliminate real or imaginary clashes between 
local or sectional and national interests. 

In principle, the Local Government Bill is sound. 
The block grant will make the local council a more im- 
partial body and put more responsibility for getting 
value for money on those who make the decision to 
spend it. Provided the transitional veriod for redistri- 
bution of grants is not too protracied and some room 
is provided for experiment with incentive factors in 
weighting the block grant, any serious diversion of 
money from education is unlikely, and there is every 
prospect of much more effective elimination of 
waste. 

At one extreme, local authorities are local govern- 
ment bodies performing local services to meet local 
needs. At the other, they are administrative agents 
for implementing locally a national policy which 
has been laid down by Parliament. Conflict arises 
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when the local authority is required to raise for 
the latter purpose large sums of money for local 
resources, and it is the blindness of both major 
political parties to this ever since the National Parks 
Commission was established that is the real reason 
for legitimate doubts as to the efficacy of the present 
measures. There are adequate sanctions for the 
Minister to deal with those authorities which are 
reluctant to maintain standards, just as the proviso 
that the Minister may alter the boundaries of 
individual urban areas or groupings of areas when 
the responsible commission is unable to make appro- 
priate recommendations may avoid the frustration 
that befell the earlier Local Government Boundary 
Commission. 

Criticism there should and will be on points of 
detail, and it should also be recognized that in regard 
both to functions and areas the White Papers on 
which the Bill is based sought to bridge the consider- 
able gap between what was needed and that on 
which the local authority associations themselves 
had been able to agree. Neither the Minister nor the 
Commissions should be unduly limited by that 
restricted measure of agreement, but should seek 
with imagination and courage to exploit to the full 
the opportunity of rebuilding democratic strength 
provided by this new widening of the areas of decision 
open to local government. Much hard and unpre- 
judiced thinking is needed, to which the central 
Government itself and especially the Treasury has 
something to contribute, if the existing anomalies are 
to be removed and new strength and flexibility im- 
parted to local finance. But at least we are shown the 
way forward to local institutions which could be kept 
abreast of changing conditions and values, and in 
which local needs are met by local decisions made 
increasingly in a context of real awareness of national 
problems in a technological age. 
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STEAM INTELLECT SOCIETIES 


George Birkbeck 

Pioneer of Adult Education. By Thomas Kelly. 
Pp. xii +380+11 plates. (Liverpool : At the Univer- 
sity Press, 1957.) 45s. net. 


The Mechanics’ Institutes of Lancashire and York- 
shire Before 1851 

By Dr. Mabel Tylecose. 

(Manchester : 

37s. 6d. net. 


HARLES DUPIN, a French mathematician and 

naval engineer visiting Britain in 1816, was 
much struck by two brothers who worked in a bake- 
house which they had equipped with portable gas- 
lights. In the intervals of baking bread, these two 
made a steam engine which they used in turn to 
make ‘‘des machines et des instruments de physique’. 
Their uncle (who apparently owned the bakehouse) 
was neither amused nor interested; according to 


Pp. x+346+8 plates. 
Manchester University Press, 1957.) 


Dupin, “il préfére de beaucoup la boulangerie et la 
patisserie & la gazometrie et l’astronomie”’. 

These baking brothers, who symbolized for Dupin 
the incubation of technological zeal in Britain, were 
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neither an isolated nor a new phenomenon. As early 
as 1717 the weavers and artisans of Spitalfields were 
working out mathematical problems on their slates. 
In 1789, a group of young men in Birmingham began 
to earn for themselves the title of ‘The Cast Iron 
Philosophers’ from their habits of discussing mechanics 
and natural philosophy with foundry workers and 
others. In 1800; the geologist, Thomas Webster, 
was discussing, at the newly founded Royal Institu- 
tion, “the application of science to the common 
purposes of life’. In the autumn of the same year 
George Birkbeck, a twenty-four-year-old medical 
graduate of Edinburgh, enrolled seventy-five work- 
men for a course of lectures “‘abounding in experi- 
ments, and conducted with the greatest simplicity 
of expression and familiarity of illustration, solely 
for persons engaged in the practical exercise of the 
mechanic arts’. The steam-intellect societies had 
begun. Technology-hungry artisans were, as Dupin 
rightly said, a portent. One of them, Timothy 
Claxton, was determined to form a “Society of 
Ingenious Working Mechanics . . . to study and 
improve the Arts of this Kingdom’’. It began in 
1817 and lasted until 1820, when Claxton went to 
Russia. Four years later he appeared in Boston 
with an air pump and some apparatus. 

The anastomizing threads of all this activity came 
together in 1823 when a mechanics’ institute was 
founded in London. As Dr. Kelly, in his long-needed 
and well-documented biography, points out, Dr. 
Birkbeck was not the literal founder. That honour is 
reserved for a Fleet Street journalist and patent agent 
named J. C. Robertson. Yet the London Mechanics’ 
Institution was based on Birkbeck’s earlier work in 
Glasgow, the effects of which M. Dupin so much 
admired ; and the London Mechanics’ Institution 
was the real starting point of the mechanics’ institute 
movement in Britain. Nine years after Birkbeck’s 
death in 1841 there were 700 mechanics’ institutes 
in Britain alone, catering for a membership of 120,000. 
More than 600 of these were in England. 

Since more than a quarter of the total number of 
such institutes in England were in Yorkshire and 
another ninth in Lancashire, it is natural that a 
survey of these two areas should have been made. 
Dr. Mabel Tylecote’s, begun more than thirty years 
ago, reinforces what has previously been suspected 
about the efficacy of these institutions. Nearly a 
hundred pages of her text are virtually proto- 
histories of the Manchester College of Science and 
Technology and of the Huddersfield Technical College. 
Of the latter in its days as a mechanics’ institute she 
writes (p. 66), ““There was not in Lancashire a success 
parallel to that of the Huddersfield Mechanics’ 
Institue, or even, perhaps, to that of some of 
Huddersfield’s neighbouring institutions’. 

Some of those who laboured in the cause were, 
incidentally, keen students of the history of tech- 
nology: Henry Dircks of Liverpool and C. F 
Partington laboured in their spare time on such 
seventeenth-century figures as Hartlib and the 
Marquess of Worcester. Others, like James Hole, 
the secretary of the Yorkshire Union, looked out 
from existing institutions to an ‘industrial university’ : 
‘Inefficient as they may be as a means of industrial 
instruction’’, he wrote, ‘“‘they afford the best instru- 
ments for introducing an improved system’’. That 
‘improved system’ was to occupy the efforts of 
scientists and statesmen for the rest of the century 
and at each stage apathy, indifference, hostility and 
misunderstanding dogged their efforts. 
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Dupin’s prediction to the mechanics of Paris that 
in the next twenty years “the conquests of science and 
industry in Great Britain [would] surpass those of 
all the generations which had given so. much pros- 
perity to her people” was, as we know, fulfilled. 
What we did not know, and do now, thanks to these 
meticulously careful and patient studies of Dr. 
Kelly and Dr. Tylecote, is the way in which the 
mechanics of those days took their instruction and 
their fun. For the Yorkshire Union was a regular 
Channel 9; Dickens and Emerson trod their lecture 
platforms as well as the local cognoscenti. They 
were the Royal Institutions of the plebs, as virile as 
those for whom they catered. 

W. H. G. ArmyTaGE 


AN ECOLOGICAL PERSPECTIVE 


Biogeography 

An Ecological Perspective. 
Pp. xiii+394. (New York: 
Company, 1957.) 7.50 dollars. 


HE sub-title of this volume is more appropriate 
to its contents than the main title, for it is 
essentially a text-book of general ecology, containing 
but little of the traditional material of plant and 
animal geography. The principal sub-divisions 
indicate the scope of the work: history of biota ; 
bioclimatology ; synecology ; autecology ; and man’s 
impact on the landscape. These form the five 
‘levels’ of Prof. P. Dansereau’s perspective, and 
within this framework he deals with all the more 
important aspects of the environmental relationships 
of living organisms. As he states, much of his 
ecological philosophy is derived from the Zurich-— 
Montpellier school; it is not surprising that this 
should be so, for his mind is evidently given strongly 
to systematization. 

In fact, Prof. Dansereau adopts a taxonomic 
approach to all aspects of ecology, descriptive and 
otherwise, for while he stresses that the crux of 
ecological thinking is in the holocoenotic point of 
view, his method of treating phenomena both static 
and dynamic is to dissect, define and classify. As a 
result his text is copiously subdivided, and studded 
with tabulations. This is undoubtedly a treatment 
admirably suited for the student seeking to gain 
some sort of grasp of this huge and inherently 
somewhat amorphous field; for him it has the all- 
important merits of clarity, apparent unambiguity 
and memorative value. 

The demerits of this sort of treatment should not 
be overlooked, however ; many issues are not to be 
resolved merely by classification and definition, and 
indeed such a process may create a mask for ignorance 
and obscurity. It -is questionable, for example, 
whether even for an elementary student it is justi- 
fiable to present so cut-and-dried a view of the climax 
hypothesis as Prof. Dansereau does in his synecologi- 
eal section. 

Be this as it may, bringing order to so wide a field in 
so compact a volume represents a fine achievement, 
even if the treatment involved in doing so is occa- 
sionally procrustean. Although as is to be expected 
the illustrative material is predominantly botanical, 
the width cf example quoted is impressive, based as 
it is upon Prof. Dansereau’s acquaintance with 
American ecology from tropies to arctic. The biblio- 
graphy of more than 400 references supplies an excel- 
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lent entry to ecological literature, notwithstanding 
its marked bias towards that of the New World. 

A word must be said, also, about the illustrations. 
Like many recent North American text-books, this 
one makes frequent use of a cartoon-style of diagram 
which, at its best, is capable of lending an immediate 
force to @ point and of registering it upon a reader 
more securely than many pages of text. The bulk 
of the diagrams are outstandingly successful, but one 
or two have reached a degree of over-elaboration 
which reduces them to a form of puzzle or intelligence 
test—sometimes, like those concerning the structural 
description of vegetation, merely to an exercise in 
memory. 

A similar charge of over-elaboration may be levelled 
at some of the technical vocabulary. True, precise 
expression demands an adequate terminology, but 
it does little service to a subject to snow it under with 
polysyllables. In the introduction to his glossary, 
Prof. Dansereau notes the need to avoid calling a 
spade a geotome, but a sneaking sympathy with those 
who do so is surely shown when he himself refers to a 
long-day plant as a longidiurn and a short-day plant 
as a brevidiurn. 

In summary, it may be said that this is a treatment 
of a wide and difficult subject which, by careful 
planning and avoidance of controversy, manages to 
be both comprehensive and concise. To the good 
teacher and the thoughtful student it should supply 
an excellent basis for a course in general ecology ; 
but there is at least a risk that the very efficiency of 
the author’s rationalizations of the subject-matter 
could tempt the mediocre to an under-estimation of 
its complexities. J. HesLop-HarRison 


VoL. 181 


SIXTH-FORM PHYSICS 


New Intermediate Physics 

By G. R. Noakes. Pp. viii+962. 
millan and Co., Ltd.; New York: 
Press, Inc., 1957.) 30s. net. 


R. G. R. NOAKES has a very high reputation 
as a writer of physics text-books for use in the 
sixth forms of public schools and grammar schools. 
The present work collects into one volume his 
previous books on separate branches of physics ; but 
since two of these, on light and on electricity, were 
not easily adaptable, those sections have been com- 
pletely re-written. The other sections have been 
somewhat modified so as to keep them within the 
comprehension of that increasing number of students 
who cannot be regarded as possible entrants for 
university scholarships, but who may nevertheless be 
valuable contributors, at a lower level, to the scientific 
man-power of the nation. 

In his new section on light, the author uses both 
the real-is-positive and the new Cartesian conven- 
tions ; this seems to augur the final—and very proper 
—victory of the latter. It would, indeed, be inter- 
esting to know whether any English university 
department of physics now uses the real-is-positive 
convention. The section has most of its discussions 
in terms of wave theory, which makes for greater 
interest than the rather bare bones of geometrical 
optics. The somewhat short treatment of the dif- 
fraction grating might have been expanded to answer 
explicitly the usual schoolboy question as to why 
more than two lines on the grating are necessary. 
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It is, however, in the section on electricity that 
Mr. Noakes is at his best. The arguments, which are 
remarkably ingenious, are based entirely on the 
M.K.S. system. Mr. Noakes takes trouble, by simple 
analogies, to make clear the relations and differences 
between lines of force and lines of induction, usually 
left very vague, in books of this standard, and in 
many others. It is pleasant, also, to find a short 
discussion of magnetic domains, which gives details 
of the structure of both antiferromagnetic and ferri- 
magnetic materials. 

A few omissions have been noted; thus, the term 
‘enthalpy’, coming into increasing use, does not 
appear in the index. A more striking omission is 
radioactivity, of which no mention in any form 
appears. A chapter on this subject is surely desir- 
able, in view of its great importance, which has caused 
it to be introduced already into the syllabuses of some 
of the examining boards for the Advanced Level 
General Certificate of Education. A rather fuller 
account of Essen’s experiments on the velocity of 
electromagnetic waves might have been given, since 
these are of much higher accuracy than the more 
usually described optical methods. 

On the whole, the book may be commended as an 
excellent production, well worthy to rank with the 
author’s previous works, and very good value for 
money. W. H. Dowranp 


No. 4609 


THE PHASE RULE 


Chemical Phase Theory 

A Comprehensive Treatise on the Deduction, the 
Applications and the Limitations of the Phase Rule. 
By Prof. J. Zernike. Pp. xv+494. (Deventer : 
Kluwer’s Publishing Co., Ltd.) n.p. 


HE phase rule is physical chemistry par excel- 

lence; yet older physical chemists in industry 
cannot help feeling that the modern young recruit, 
bristling with university degrees and knowing his 
electronic theory and quantum mechanics inside out, 
is less well versed in the phase rule and its applica- 
tions than his predecessors. This is doubly unfor- 
tunate, since not only does every chemical manu- 
facturing process come up against the rule sooner or 
later, but the study of equilibria between phases and 
the construction of phase diagrams offer a wealth of 
intellectual delight that few other subjects, if any, in 
chemistry can surpass. 

Good books on phase equilibria are few and far 
between, and the appearance of a new one can be 
regarded as something of an event. Once again the 
veteran is apt to hold the view, with some justifica- 
tion, that there is only one treatise on the subject 
worthy of consideration, namely that commenced by 
Bakhuis Roozeboom in 1901 and concluded by his 
successors Schreinemakers, Buchner and Aten. These 
books are now very rare, and any library or individual 
owning @ copy of the complete work can be considered 
exceedingly fortunate. Any physical chemist desirous 
of winning the lasting gratitude of his peers could do 
no better than translate Roozeboom into English, 
and persuade an enterprising publisher to bring out 
& new edition. 

It would not be fair to compare Prof. J. Zernike’s 
500 pages with Roozeboom. Nevertheless, “Chemical 
Phase Theory” is a very good book indeed. I prefer 
the rigorous thermodynamic proof using the partial 
molar Gibbs functions to the rather elementary proof 
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adopted by Prof. Zernike in Chapter 1. The rigorous 
proof of the phase rule, however, cannot be appre- 
ciated without a good introduction to thermo- 
dynamics, and Prof. Zernike may have felt that this 
was outside the scope and aim of his book, which is 
to be, above all things, descriptive. The concept of 
the number of components of a phase system, which 
is often confusing to the beginner, is very well 
explained. The fact that the system made up from 
sodium chloride, sodium sulphate and water is one of 
four components, not three, should puzzle no one 
after reading this book. 

One-component systems are dealt with in less than 
40 pages, but with no lack of thoroughness. Poly- 
mers, glasses and infusible substances are all con- 
sidered. It is impossible not to share Prof. Zernike’s 
enthusiasm as he suggests new experiments for testing 
some moot point in the theory. It will come as a 
shock to many physical chemists to learn that as long 
ago as 1901 a case of superheating above the melting 
point of a crystalline solid was reported. 

It is by the treatment of the binary systems, how- 
ever, that the merit of a treatise on phase equilibria 
can best be judged. Since such systems can be 
described in terms of pressure, temperature and one 
composition variable, they are eminently suitable for 
pictorial representation on paper in all their aspects, 
either as pressure-temperature, temperature-com- 
position or pressure-composition diagrams. Every 
chemist can draw the simple diagram showing the 
eutectic in a system composed of a salt in aqueous 
solution. The humps for the intermediate hydrates 
can probably be put in as well. Liquid-vapour 
equilibrium diegrams showing high and low boiling 
azeotropes are also part of the industrial chemist’s 
repertoire. But how many of them can draw the 
diagrams showing equilibrium between solid, liquid 
and vapour phases together ; especially if the com- 
ponents are only partially miscible in the liquid 
phase or completely miscible in the solid phase ? 
What do temperature-composition and pressure-com- 
position diagrams look like in the region of the 
critical points of the components ? It is particularly 
pleasing to observe that the recent work on the 
nitrogen-ammonia system at high pressures, which 
has been reported as exhibiting two immiscible gas 
phases, is shown by Prof. Zernike to be entirely 
accounted for by classical theory, in that it is simply 
a system showing immiscible liquid phases at a 
temperature above the critical point of one of the 
components. 

Prof. Zernike describes the systems which have been 
experimentally investigated, but points out that all 
the theoretically possible cases are by no means 
exhausted in his book. Having been shown the way, 
the astute reader is left to work out and draw new 
combinations for himself; certainly the quickest 
and best method of becoming an expert in the 
subject. 

Ternary systems are not as difficult to deal with as 
might be at first imagined because no new parameter 
is involved; only a second composition variable. 
Prof. Zernike’s treatment of ternary systems is just 
as thorough as that of the binary systems. His 
descriptions of the ‘salting out’ process and of systems 
of reciprocal salt pairs are masterly. In the case of 
multicomponent systems the chief interest lies in the 
graphical dodges which can be used to depict these 
systems, in part if not in entirety, on paper. 

In his text Prof. Zernike has included 64 problems 
to tax the imagination and understanding of the 
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reader. The answers are given at the back, and they 
should be tackled by every serious student. The 
book is very well produced, and the numerous diagrams 
are beautifully clear. Here and there a “bij” and a 
‘“probleem”’ have escaped the proof reader to remind 
us that this book is published in the Netherlands. 
Prof. Zernike’s meaning is always clear although his 
English is occasionally unorthodox. These are not 
criticisms of the work; they add to the delight of 
reading it. 


This book should be owned by every library and 


every serious student of the phase rule. It can be 
put alongside Roozeboom; no further praise is 
necessary. F. Din 


PROPERTIES OF SYNTHETIC 
PIEZOELECTRIC CRYSTALS 


Piezoelectricity 
(General Post Office : Selected Engineering Reports.) 
Pp. x +369. (London : H.M. Stationery Office, 1957.) 


758. net. 


A® stated in the foreword, this volume is the first 
of its kind which makes available to the general 
public the results of engineering reports of the 
English General Post Office. This report by the 
staff of the Materials Division of the Research 
Branch is in the field of synthetic piezoelectric 
crystals. Dr. R. Bechmann (now at the U.S. Army 
Signal Corps Engineering Laboratory, Fort Mon- 
mouth, New Jersey) was responsible for the theoretical 
investigations and indicated suitable fields for experi- 
mentation. A. C. Lynch, and later P. L. Parsons, 
were responsible for the physical measurements. Dr. 
R. Taylor supervised the crystal-growing experiments. 
The preparation of the reports for publication was 
undertaken by Dr. R. Taylor and Mrs. 8. Ayers. 

The book starts out with a general description of 
the fundamental properties of piezoelectric crystals. 
The notation for the fundamental quantities, and for 
rotated cuts, follows that standardized by the Piezo- 
electric Committee of the Institute of Radio En- 
gineers (United States). A chapter on the use of 
tensor transformation in calculating the properties 
of rotated cuts was written by Bechmann. Since all 
the properties of the crystal are measured by means 
of the resonant and anti-resonant frequencies of 
fundamental modes, a complete discussion of modes 
of motion is given by Bechmann and Ayers. A 
feature of this discussion is the use of contour modes 
for measurements. However, little mention is made 
of the very extensive thickness mode solutions 
obtained recently by Prof. R. D. Mindlin and his 
associates at Columbia University. 

These studies are preliminary to the determination 
of crystal constants by resonant frequency and 
capacitance measurements. A chapter by Lynch and 
Parsons discusses automatic methods for tracing out 
such resonances. The coupling factor is determined 
by the difference in capacitance above and below 
the resonant frequency. 

Next follow chapters on methods for growing 
water-soluble crystals, for measuring their orienta- 
tions by X-rays and for cutting them with wet 
string saws. The crystals studied seem to be nearly 
identical with those studied at Bell Laboratories as 
substitutes for quartz in filter plates and for under- 
water-sound transducers. The particular crystals 
studied are ammonium dihydrogen phosphate, 
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sodium chlorate and sodium bromate, ethylene- 
diamine tartrate, lithium sulphate monohydrate and 
di-potassium tartrate. A rather complete study has 
been made of the ‘tartrates, but no new crystals are 
produced. Very complete determinations have been 
made for the elastic, piezoelectric and dielectric con- 
stants of these crystals, which will probably remain the 
most authoritative determinations of these properties. 

The present reviewer misses a chapter giving a 
survey of probable uses for such crystals. In the 
United States, the only water-soluble crystal which 
survived competition with natural and synthetic 
quartz is ammonium dihydrogen phosphate, which is 
still used in underwater sound equipment. This 
may not be true in Britain. In any event, the 
series of reports can be recommended as giving a 
very broad background in piezoelectric crystal 
investigations and as containing the most recent set 
of elastic, piezoelectric and dielectric constants for 
piezoelectric crystals. The general idea of making 
available for wider circulation a series of engineering 
reports of one organization is also a commendable 
one and should be extended further. 

WaRREN P. Mason 


VOL. 181 


HA-MOLYTIC DISEASE OF THE 
NEW-BORN 


Comparative Aspects of Hemolytic Disease of the 
Newborn 

By G. Fulton Roberts. Pp. 199. (London: William 

Heinemann (Medical Books), Ltd., 1957.) 17s. 6d. net. 


HIS account of hemolytic disease of the new- 

born in man and animals is divided into nine 
chapters. The first, which deals with the history of 
the human disease, will probably be of limited 
appeal, but it serves a very useful purpose in giving 
proper credit to earlier workers in what is often 
assumed to be a modern preserve. Chapters 2 and 3 
deal with hemolytic anemia and the problem of 
kernicterus, respectively. The latter chapter clearly 
suffers from the lack of knowledge on neonatal 
jaundice and the metabolism of the bile pigments, 
but the author comes through this ordeal well and is 
on firmer ground when discussing serological con- 
siderations in Chapter 4, which is stimulating and 
very much to the point. 

At this stage, Dr. Roberts leaves the human infant 
and discusses, in two chapters, the disease as it is 
seen in the horse and the pig, and then, in Chapter 7, 
work on the experimental production of the condition. 
His grasp of the veterinary aspects of hemolytic 
disease is sure and there is no lack of balance between 
human and veterinary medicine throughout the book. 
Chapter 8 is devoted to comparative pathology, and 
here the author best exhibits his gift for bringing 
together and assessing widely scattered data. A final 
chapter on treatment is brief but adequate for a 
book of this type. 

In an age of increasing specialization, it is a 
pleasure to find an author who can see a disease as 
a whole. But Dr. Roberts does more than this in 
venturing along the many scientific paths that 
radiate from the clinical case. The book is written 
clearly and with great economy of words, and 
although the author describes it as a short account 
of present-day views it is, in fact, 1 comprehensive 
review with more than five hundred references. 
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PRACTICAL MODERN 
MICROSCOPY 


Traité de Microscopie 

Instruments et Techniques. Par A. Policard, M. 
Bessis et M. Locquin. Pp. vi+608. (Paris: Masson 
et Cie., 1957.) Broché, 4,500 francs ; Cartonnétoile, 
5,200 franes. 


rJ “HIS book is concerned with the use of modern 
| microscopes in biology. It contains much 
information that would be valuable to all users of 
microscopes, but it is especially well suited to the 
needs of pathologists, histologists and cytologists. 
The attempt to cover the requirements of these three 
groups in @ single volume is becoming increasingly 
difficult, for new instruments and techniques are 
being invented one after another in almost bewildering 
profusion. The authors make a bold attempt to deal 
with the whole subject, from direct microscopy with 
the light microscope through phase-contrast and 
interference to electron-microscopy. The book is 
logically arranged and can be used as a work of 
reference as well as a text for systematic study. It 
can be strongly recommended. There is probably no 
other single volume that contains so much useful, 
up-to-date information on the subject. It is adapted 
throughout to the needs of the practical man, anxious 
to get the best results from his instruments by the 
use of rational techniques but not interested in the 
niceties of physical and chemical explanations. 

In writing such a book as this, it is difficult to 
know how much physical and chemical explanation 
to include. Some of the theoretical sections are not 
satisfactory. A considerable amount of space is 
devoted to the theory of phase-contrast. It would 
not seem that the authors have had much experience 
in explaining the optical principles involved to 
intelligent persons ignorant of the subject. The 
treatment is neither well adapted to the needs of the 
beginner nor helpful to the initiated. It is possible 
to explain phase-contrast in a much more straight- 
forward way, without any sacrifice of accuracy. The 
remarks on the theory of fixation and dyeing also 
leave a good deal to be desired. Indeed, it seems 
questionable whether the short sections on these 
subjects were worth including in the book. One 
might get the impression from the general remarks 
on pp. 289-290 that almost nothing is known about 
the chemistry of dyeing. In fact, of course, there is 
an immense wealth of knowledge, gained by the 
researches of Ehrlich, Fischer, Mann, von Médllen- 
dorff, Seki, Lison, Singer, and many others. 

The balance of the book is on the whole good, 
though there may be a few subjects to which an 
unnecessary amount of space is devoted (secondary 
fluorescence, for example, and the shadowing of 
objects for light microscopy). Insufficient information 
is given on certain other subjects. It would not be 
possible to use collodion successfully as an embedding 
medium without more detailed instructions than are 
given here. Not nearly enough space is devoted to 
vital coloration. This important branch of micro- 
technique has unfortunately been pushed into the 
background by the invention of phase-contrast. Two 
objects that look identical by phase-contrast may 
react very differently to vital dyes, and a pointer 
may thus be given to differences of chemical com- 
position. The techniques of vital colouring are not 


very easy to learn, and the account given in this 
book is inadequate. 
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The book contains a few mistakes in matters of 
fact. For example, neutral red is said to be a neutral 
dye, and the cochineal insect is described as a beetle ; 
there is no mention of the, use of tannin in the 
instructions for carrying out del Rio-Hortega’s tannin-— 
silver method. There are some queer words in the 
list of English equivalents of French technical terms 
(falx image, gelatinous glycerin (for glycerine-jelly), 
kristall, microscop, prisma, etc.). 

A defect of the book is the casual way in which the 
illustrations are introduced. Many of them are not 
referred to in the text, and one might suppose that 
they were chosen after the book had been written. 
The legends do not suffice in all cases to make the 
meaning clear. 

The merits of this book greatly outweigh the minor 
defects that have been mentioned. It is clear, logical, 
modern, comprehensive, and eminently useful. 

Joun R. BAKER 


H. K. MOOKERJEE MEMORIAL 
VOLUME 


H. K. Mookerjee Memorial Volume of the Pro- 
ceedings of the Zoological Society, Calcutta 
Edited by J. L. Bhaduri, B. Biswas and S. P. Ray- 
Chaudhuri. Pp. ix+396+21 plates. (Calcutta: The 

Zoological Society, 1957.) Rs. 30; 50s. 


ROF. MOOKERJEE had a distinguished career, 
both in Great Britain and in India, where he was 
the first occupant of the Sir Nil Ratan Sirear pro- 
fessorship of zoology at Calcutta. His influence on 
the development of Indian zoology is outstanding. 
When he was a student, teaching in zoology was 
intended for medical students and there was no 
special course of study in zoology followed in Bengal. 
The fact that thirteen contributions of the present 
issue have been written by Indian zoologists is ample 
evidence of his achievement in fostering the study of 
zoology in India. 

In this memorial volume, thirty-two contributions 
are collected dealing with almost all aspects of 
zoology. They range from an article on “Sex 
Determination in Metazoa” by J. B. 8S. Haldane to 
an essay on “The Growth of Knowledge of Animals 
in Palestine from Paleolithic Times” by F. 8. Boden- 
heimer. There are notes on mammals collected during 
a Himalayan Expedition by Biswamoy Biswas and 
H. Khajuria, and a study of the chromosome numbers 
in human cervical cancer by G. K. Manna. 

Of the thirty-two papers, four deal with sex 
determination and genetics ; four with cytogenetics ; 
four with experimental biology ; four with descriptive 
embryology ; ten with evolution and systematics ; 
and the remaining ones with entomology and proto- 
zoology, except for a contribution on paleozoology. 
It is obviously impossible to review in a brief space 
any of the contents of this book adequately, but it 
is perhaps worth while pointing out that of the non- 
Indian contributions, eight come from the United 
States, seven from the United Kingdom, one from 
the U.S.S.R., two from Australia and one from Israel, 
thus again bearing testimony to Prof. Mookerjee’s 
influence on the development of zoology, not only 
in his own country but also abroad. 

Indeed, the collection of papers on so many un- 
related subjects, which at first sight appears somewhat 
haphazard, may be taken as a tribute to the width 
of Prof. Mookerjee’s interests. A. GLUCKSMANN 
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Bulletin of the Institute of Nuclear Sciences ‘Boris 

Kidrich’ 

Vol. 7. Pp. 166. (Belgrade: Institute of Nuclear 
Sciences ‘Boris Kidrich’, 1957.) 
HIS volume contains papers in English, French 
and German, describing work by members of 
the Institute. The work is mainly in chemistry, 
including radio-chemistry, but there are also papers 
in nuclear physics and electronics. 

My chief qualification for this brief review is that 
I spent a week in the summer of 1956 at the Institute, 
which is about ten miles east of Belgrade, at a place 
called Vinéa. It is a ‘little Harwell’, equipped with 
canteens, houses, etc., as well as laboratories. The 
main equipment is to be an experimental reactor 
(with a power of 1 megawatt or more) which was 
being engineered in the U.8.8.R. The building work 
was half complete in 1956, but I have not heard that 
the reactor is working yet. 

The Institute is therefore planned to centre on the 
physics and chemistry of nuclear reactors. But there 
are groups, as at Harwell and Saclay, working on 
nuclear physics research, instrumentation, etc. The 
atmosphere is very enthusiastic, and there are a 
number of able scientists there, many of whom have 
studied abroad, mostly in the Western countries but 
some in the U.S.8.R. The Institute is, of course, 
entirely Government supported and there are no 
formal ties with the University of Belgrade, though 
some of the staff also lecture there. The Government 
has evidently realized that it must start by building 
up research work, and my impression was that they 
have made a very good beginning. The British 
Council is interested in the Institute and in par- 
ticular in arranging the exchange of publications 
with research departments in Britain. 

H. W. B. SKINNER 


The Flora of Wiltshire 

By Donald Grose. Pp. iv + 824. (Devizes: Wilt- 
shire Archwological and Natural History Society, 
1957. Copies obtainable from The Museum, 41 
Long Street.) 42s. 


HIS flora is presented to a large extent in the 

format which has become traditional for such 
works in Britain. These publications are the pro- 
duct of much industry, stimulated largely by local 
pride and enthusiasm, but to botanists accustomed to 
dealing with the systematic problems on a world 
scale, county floras such as this seem proportionately 
to have scant scientific value. It is true that in the 
“Flora of Wiltshire” some ecology is included in the 
section dealing with the vegetation of the county, 
in the form of lists of species forming associations 
typical of selected habitats. In a county which is 
mainly agricultural and pastoral, with little elevation 
above 600 ft., and dominated by the chalk formations 
of Salisbury Plain and the Marlborough Downs, 
there is a surprising number of species represented. 
In all, some 1,406 flowering plants, ferns and charo- 
phytes are listed, of which just over 900 are deemed 
to be native to the county. No descriptions are 
given, and, as is usual in this typically British pro- 
duction, a very extensive knowledge is assumed of 
the British flora. 

The book is really in the nature of a detailed 
catalogue and it is a pity that, in the fashion 
of the Druce era, there is such a proliferation of names 
of subspecifie rank to which botanists will have 
difficulty in referring plants. 
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Check-List of North American Birds 

Prepared by a Committee of the American Ornitho- 
logists Union. Fifthedition. Pp. xiii+691. (Ithaca, 
N.Y.: American Ornithologists Union, 1957.) n.p. 


HIS big volume is a result of many years work 

(1939-57) of a committee of eleven eminent 
American ornithologists with Dr. Alexander Wetmore 
as chairman. The fourth edition of 1931 covered 
1,420 species and subspecies, and in the present 
volume this number has grown to 1686. A hypotheti- 
cal list including 41 species is also added. The area 
covered is North America north of Mexico, Greenland, 
Bermuda and Baja California. The distribution of 
each species or subspecies is treated with great care 
and detail, and especially in regard to some rarer 
species the amount of evidence and the manner of 
presentation deserve the highest commendation. 
The title of the book does not sufficiently indicate its 
contents, since it is much more than a simple check- 
list normally is. This long-awaited, excellent work is 
invaluable for everyone interested in the distribution 
of birds in general and especially of those of North 
America. Serious ornithologists will find it an indis- 
pensable source of information. It is very desirable 
that a similar check-list of European birds should be 
prepared as a counterpart of this American work, and 
the forthcoming twelfth International Ornithological 
Congress to be held at Helsinki in June offers a good 
opportunity to discuss the problem. The international 
compilation of such a monumental work seems not 
impossible and would certainly be a very valuable 
undertaking because no modern check-list of the 
birds of Europe as a whole exists at present. 

W. RypzEwskKI 


Determinism and Indeterminism in Modern Physics 
Historical and Systematic Studies of the Problem 
of Causality. By Ernst Cassirer. Translated by O. 
Theodor Benfey. Pp. xxiv+227. (New Haven, 
Conn.: Yale University Press; London: Oxford 
University Press, 1956.) 40s. net. 


N the haleyon days of the 1920's, most of the 
essentials of modern physics had been achieved. 

It is not surprising, therefore, that this distinguished 
book, written originally in German, but published in 
Sweden, should contain a large part of the epistem- 
ology necessary for the basic understanding of almost 
any system of natural philosophy. But it was 
intended to supply (in 1936) a final chapter on the 
causality problem, a project destined to failure, on 
account of the author’s death. Luckily, Prof. 
Margenau, a close associate of the late Prof. 
Cassirer, has been able to contribute a very im- 
pressive preface on the most important developments 
in this field. It does two things: it brings out the 
contrast between ‘causality’ and ‘determinism’—as 
Cassirer conceived them—and current interpretations, 
and it discusses recent advances. 

Where the author himself is strongest is in his 
insistence upon the intimate connexion (almost 
amounting to fusion at times) between physics and 
the theory of knowledge. He takes account of the whole 
cycle, from the most mechanistic beginnings to the 
present-day sub-quantum determinism of, David 
Bohm. In this way, the build-up of thought is seen 
to be continuous through the periods of matrix- 
calculus and wave-mechanics, and much of the dual 
character of Nature is made more comprehensible. 
The translation into English is excellent. 

F. I. G. Rawtrys 
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NON-FLOWERING STRAINS OF HERBAGE GRASSES 


By Pror. M. L. PETERSON*, Dr. J. P. COOPER and P. B. VOSE 


University of California, Department of Agronomy, Davis, California, and 
Welsh Plant Breeding Station, University College 
of Wales, Aberystwyth 


HE results of more than thirty years of grass 

breeding, together with the insight that has 
been gained into the physiology of flowering, now 
make it feasible to examine the possibility of pro- 
ducing ‘non-flowering’ strains of herbage grasses. 
These strains would remain permanently vegetative 
within the regions of their agronomic adaptation. 

It has been realised since the early work of Fagan 
and Jones! and Woodman et al.? that the leaves of 
herbage grasses are lower in fibre, higher in protein 
content, and more digestible than the stems, and 
hence of greater nutritive value. For these reasons, 
plant breeders have deliberately selected leafy strains 
with a high proportion of vegetative to fertile tillers 
at flowering time. In spite of the lower proportion 
of heads, seed production of these leafy strains has 
proved quite practicable. The development of strains 
of grasses which remain permanently vegetative 
seems possible by continued selection in this 
direction®. 

Most herbage strains show marked seasonal produc- 
tivity, characterized by a steady rise in production 
during the spring and early summer, and reaching 
a peak with the emergence of the inflorescences. 
Flowering and seed formation are followed by a 
depression in yield, which is succeeded by a secondary 
period of aftermath growth reaching a peak in the 
early autumn. This midsummer depression of yield 
has often been attributed to water shortage, but 
Hunt* has recently emphasized the seasonal growth- 
cycle and the seriousness of the summer gap under 
Ayrshire conditions, with a relatively high summer 
rainfall. Non-flowering strains should not exhibit 
such periodicity of growth, since their seasonal 
production would be determined by environmental 
factors, such as rainfall and temperature, rather than 
by the sequence of the reproductive cycle. They 
should also maintain a higher protein and lower fibre 
content than flowering strains. 

The efficient utilization of incoming radiation for 
photosynthesis depends on the maintenance of a high 
leaf area index in the crop’. Langer* has found that 
S.48 timothy attains its maximum leaf area at about 
the time of ear emergence, this being followed by a 
period of rapid decrease during flowering, and then 
by a smaller rise in early autumn. In a non-flowering 
strain, the leaf area should remain at a high level 
during midsummer when both the incoming radiation 
and the net assimilation rate are at @ maximum. 

The absence of elongated flowering shoots may also 
make it easier to maintain a balanced grass-clover 
sward with a relatively constant proportion of grass 
to clover. It is during the stem-elongation stage of 
the grass that competition for light is most liable to 
depress the clover content of the sward’. 

The management of non-flowering strains could 
prove easier than that of normal herbage. Many 
farmers refuse to grow cocksfoot, Dactylis glomerata, 


Davis, 


*Senior Fulbright Scholar; Professor of Agronomy, 
California. 


because of the difficulty of retaining it in a palatable 
condition, and avoiding the ‘tussocky’ growth that 
easily arises under lenient cutting or grazing. Pas- 
tures of ryegrass, Lolium perenne, frequently become 
very stemmy after midsummer, and good management 
requires that they should then be topped over with 
the mower. The importance of keeping herbage short 
and leafy is emphasized in the gang-mowing technique 
of Merricks*, and a non-flowering strain could supply 
such short, leafy herbage. A non-flowering strain of 
ryegrass would also be an obvious choice for playing 
fields. 

There are, however, certain difficulties attached 
to the use of non-flowering strains of grasses, the 
most obvious being their economic propagation. 
Although vegetative propagation is practicable for 
special purposes, such as lawns and sports grounds, 
adequate seed supplies are essential for use on a 
farm scale. A study of the physiology of inflorescence 
development in the herbage grasses suggests several 
ways of overcoming difficulties in propagation. A 
strain which fails to flower in one environment may 
produce heads freely in another, so it should be pos- 
sible to choose seed-growing areas of appropriate 
climate and latitude. 

Absence of heading may be associated with low 
vigour or with late spring growth, but the main 
advantage of such strains would lie in their steady 
mid-season production. Sylvéa® observed that a 
strain of meadow fescue, Festuca pratensis, from 
north Sweden which failed to flower in the south 
because of inadequate photoperiod also showed poor 
vegetative vigour. On the other hand, spaced plants 
of perennial ryegrass and cocksfoot, which remained 
vegetative when grown in California, were quite 
vigorous in relation to flowering plants. In the 
ryegrasses, late heading and late spring growth are 
not invariably correlated. The late-flowering pasture 
strains, S.23 and S.101, are known to be later in 
spring growth than the early-flowering strains. 
However, Italian ryegrass is later in heading date, 
but is earlier in spring growth than the early-flowering 
perennial ryegrasses. 

Most grasses of temperate regions require long 
photoperiods for floral initiation and stem elongation, 
although the time from ear initiation to ear emergence 
is modified by spring temperature!®4, Species of 
economic value the flowering behaviour of which has 
been studied include Bromus inermis'*-14, Cynosurus 
cristatus'*, Dactylis  glomerata}.18,.15,16, [Lolium 
perenne',15,17, Phleum pratense*,*, and Poa praten- 
sis'*,18,18, Both species and strains vary in their 
exact photoperiodic responses, earliness or lateness 
of heading depending on the critical photoperiod. 
In Lolium perenne, for example, the early-flowering 
strains, Irish, Ayrshire and S.24, will initiate heads in 
a@ photoperiod of 11-12 hr., while the later- i 
S.23 and S.101 require 13-14 hr. or more for spikelet 
initiation™?’, Similarly, in Phleuwm the 
early-flowering American strain Marietta, from Ohio, 
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ing behaviour. Allard and Evans?*, 
for example, find that strains of 
Phlewm nodosum from north Europe (50—60° N.) 
fail to head or head very sparsely in natural photo- 
periods at Washington, D.C. (39° N.), but will flower 
freely under supplementary illumination. In Sweden, 
Sylvén® gives examples of plants of Festuca pratensis 
from north Sweden (66° N.) which fail to head when 
brought down to the south (56° N.). 

The flowering behaviour of S.23 perennial ryegrass 
has recently been compared at Aberystwyth (52° N.) 
and Davis, California (38° N.). Seed of this strain 
when grown at Davis gave rise in 1955 to a number 
of non-heading plants. These were induced to 
flower the following year and interpollinated in a 
group, the seeds from each mother plant being 
harvested separately. The nineteen progeny lines 
and the original S.23 were grown outdoors at Aberyst- 
wyth and at Davis, and the percentage of plants 
heading and the median heading date were recorded 
for all lots in summer 1957 (Table 1). The results 
indicate that while at Aberystwyth all plants headed 
except for two in line 7, in California most lines 
showed a proportion of non-heading plants, this 
being as high as 40 per cent in line 7. The two plants 
which failed to head under natural photoperiods at 
Aberystwyth produced heads when transferred to 
continuous light in the glasshouse. At both Davis 
and Aberystwyth nearly all the progeny lines were 
later than the original S.23, and there is a significant 
correlation (+ 0-828) between the median heading 
dates for the two stations. Furthermore, those 
lines which were later heading at Aberystwyth showed 
a higher proportion of non-heading plants at Davis, 
suggesting that in both cases a high photoperiod 
requirement is involved. 

These studies suggest that it is possible to select 
plants which fail to flower in a particular latitude 











Table 1. H8ADING BEHAVIOUR OF S.23 PERENNIAL RYEGRASS AND 
DERIVED PROGENY Lings aT Davis, CALIFORNIA (38° N.), AND AT 
ABERYSTWYTH, WALES (52° N.) 
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because photoperiodic requirements are not satisfied. 
It is not yet known whether such plazits will fail to 
flower in succeeding years. There is the possibility 
that such plants may be carried only part way towards 
floral induction in the first season, and failing to head 
will proceed from that point on in the next season 
or seasons until heading ultimately occurs. The 
answer to this problem awaits further research. 

There have been few detailed investigations of 
the inheritance of flowering behaviour in the herbage 
grasses, but in Lolium, Cooper!® finds the difference 
between the early-flowering group (Wimmera and 
Irish) and the late-flowering S.23 perennial ryegrass to 
be polygenically controlled, with no evidence of one 
or a few main gene differences. In these outbreeding 
strains, most plants are highly heterozygous for genes 
controlling flowering date, and the genetic variance 
of progenies from selfing or crossing individual plants 
is of the same order as that of the whole population. 
As a result, much potential genetic variation is stored 
in the population, making possible considerable 
response to selection. In Kent perennial ryegrass, 
three generations of selection were made for early 
and late flowering, beginning with four early and 
four late-heading plants. As shown in Table 2, selec- 
tion for earliness advanced the mean heading date 
16-9, 25-6 and 24-6 days, respectively, in each of 
three generations of selection. Selection for lateness 
retarded mean heading dates 7-6, 11-8 and 16-9 days, 
respectively, for three generations. A divergence in 
mean heading dates of 41-5 days and a divergence 
between extreme plants of 66 days was obtained in 
the third generation®®. This difference of sixty-six 
days corresponds to a difference in photoperiod of 
about 33 hr. at Aberystwyth (52° N.). 

In addition to their long-day requirement for 
floral initiation and subsequent development, many 
temperate perennial possess a ‘winter’ require- 
ment for short day and/or low temperature before 
floral induction is possible, little or no heading occur- 
ring after a late spring sowing. Such a ‘winter’ 
requirement has been reported for Bromus inermis"', 
Cynosurus cristatus, Dactylis glomerata*, Lolium 
perenne™,*!, and Poa pratensis'*, but does not occur 
in Phleuwm pratense**.**, In Lolium, both low tempera- 
ture and short days have an inductive effect, either 
alone or when combined. Cold induction can be 
given to the imbibed seed, to the young seedling, or 
to the mature plant, but for short-day induction, some 
leaf tissue must be expanded. In Poa pratensis, 
Peterson and Loomis** find that both low tempera- 
ture and short days are necessary for floral induction. 
while in Dactylis glomerata, Gardner and Loomis** 
report that short days must accompany or precede 
the cold treatment. 

Strain or ecotype differences in ‘winter’ require- 
ment also occur. In Loliwm, there is a close correla- 
tion between the degree of ‘winter’ requirement and 
the annual, biennial or perennial habit®.". The 
summer-annual Westernwolths ryegrass possesses no 
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requirement for either low temperature or short-day, 
while the winter-annuals, such as Wimmera ryegrass, 
show & quantitative response, heading being acceler- 
ated by either cold or short-day. In the biennial 
Italian ryegrass, some plants fail to head without 
exposure to winter conditions, the proportior of 
non-heading plants varying with the climatic origin 
of the material. In perennial ryegrass nearly all 
plants have an obligatory requirement for cold or 
short day or both, this being greatest in the per- 
sistent pasture strains and least in the shorter-lived 
‘commercial’ types. Plants of Irish, S.24, S.23 and 
S.101 perennial ryegrass have been kept vegetative 
for more than two years under continuous light in 
a warm glasshouse. 

As with the requirements for long photoperiods, 
the response to low-temperature induction in Loliwm 
is polygenically controlled!*, no main gene differences 
having been detected in crosses between the annuals, 
Wimmera and Westernwolths ryegrass, and perennial 
ryegrass. Furthermore, considerable genetic varia- 
tion is carried in the heterozygous state within 
individual plants, and gradually becomes available 
for selection. 

In the temperate herbage grasses, therefore, at 
least two developmental mechanisms exist whereby 
the timing of inflorescence development can be 
controlled ; a ‘winter’ requirement for short-day 
and/or low temperature before floral induction is 
possible, and also a requirement for long photoperiods 
for floral initiation and subsequent development. 
Considerable genetic variation in all these responses 
has been shown to exist within species, its distribu- 
tion being related to the climatic or agronomic origin 
of the material. It should therefore be possible to 
select, in a particular region, plants which remain 
vegetative indefinitely, because their requirements 
for either ‘winter’ exposure or long summer photo- 
periods are not satisfied under local conditions. They 
may then be grown for seed production in districts 
or under artificial conditions favourable for reproduc- 
tive development. 

A fundamental problem in the production of a 
non-flowering strain is to decide whether to con- 
centrate on the photoperiodic response or the ‘winter’ 
requirement, as the factor limiting inflorescence 
development. In this connexion, the seasonal 
regularity of the limiting factor is important. Winter 
temperatures in one locality vary considerably from 
year to year, and the response to winter conditions in 
one season may not be strictly reproducible in 
subsequent years. The effective temperature-range 
for cold induction is not known for most herbage 
grasses, nor do the usual meteorological records 
give an exact measure of the temperature experienced 
by the growing point of the grass plant. It is clear 
that the regional mapping of effective winter tempera- 
tures may be rather difficult. On the other hand, the 
seasonal distribution of photoperiod is regular from 
year to year, and being based only on latitude, can 
be calculated accurately for any locality. Apart from 
the modifying effects of temperature during inflores- 
cence elongation, flowering performance in any one 
season may therefore serve as a guide to future 
behaviour. Response to photoperiod thus forms a 
more reliable basis for the production of non-flowering 
strains, 

The next step is to obtain plants the critical photo- 
period of which is above that of the longest summer 
day in the region where the strain is to be used. One 
obvious source is the collection of late-flowering 
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material from higher latitudes. In the case of Davis, 
California (38° N.), this presents few difficulties. The 
longest summer photoperiod (as measured by civil 
twilight) is only about 16 hr. and the British pasture 
strain of perennial ryegrass, S.23, has already pro- 
vided some non-flowering plants when grown in 
California. For Aberystwyth (52° N.), with a maxi- 
mum summer photoperiod of about 18 hr., the prob- 
lem is rather more difficult, since plants with a 
critical photoperiod above this figure are only likely 
to occur naturally in arctic or sub-arctic latitudes, 
thus restricting the initial choice of material. Plants 
with such high critical photoperiods do exist in 
arctic regions. Material of Oxyria digyna brought 
back from Jan Mayen Island (71°N.) by Wilson** 
remained vegetative under natural photoperiods at 
Reading (51°N.), but flowered freely when given 
continuous illumination. 

Another source of non-flowering material lies in 
selection from within existing late-flowering strains. 
As already mentioned, outbreeding strains of Lolium 
perenne contain considerable potential genetic varia- 
tion which is released in each generation by segre- 
gation and recombination, and thus becomes available 
for selection. For example, samples of Kent perennial 
ryegrass showed a mean date of ear emergence of 
May 23, 1957, at Aberystwyth, with extreme plants 
on May 3 and June 5, but three generations of 
selection for lateness of heading from this strain have 
produced plants in which heading is delayed until 
June 21, 1957 (Table 2). The later-flowering strain, 
§.23, might provide even more useful material for 
selection (see Table 1). One advantage of using 
existing strains is that they are already fairly well 
adapted for vigour and herbage production under 
local conditions, 

There remains the possibility of using non-flowering 
mutants. These have been recorded from inbred 
progenies of Italian ryegrass at Aberystwyth*. 
Natural mutants occur infrequently, but induced 
mutants might be obtained by irradiation. 

Whether the non-flowering plants are derived from 
collections from high latitudes, or by selection from 
within existing strains, they will provide only raw 
material for further breeding and selection. They 
may, for example, lack the ability to grow at low 
temperatures in the spring, a character which could 
then be introduced from Italian ryegrass. 

Even when non-flowering plants of satisfactory 
performance have been obtained, the problem arises 
of seed supply on an economic basis. Obtaining seed 
from small lots of non-flowering plants, either for 
breeding purposes or for the production of foundation 
seed, offers no problem. Flowering may readily be 
induced by extension of the day-length using incan- 
descent lamps of low wattage, the plants being kept 
outdoors or in an unheated greenhouse. In long-day 
plants, it is the length of the dark period which is 
important in preventing flowering, and reproductive 
development can be induced by a short break in the 
middle of the dark period. Artificial light, therefore, 
need only be used for a short time at midnight, and 
has in fact been employed for this purpose in the 
production of sugar beet seed in breeding nurseries 
in the United States. 

For larger quantities of seed, artificial lighting is 
not practicable, and seed production would have to 
be carried out at higher latitudes, where the day- 
length is adequate for floral induction. In Britain, 
this would mean growing seed crops in the north of 
Scotland, preferably above latitude 58° N. A strain 
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could probably be selected which would flower at 
that latitude, and yet remain vegetative in the 
south of England. The flowering and vegetative 
limits of such a strain would be an integral part of 
its description. 

The farther north the strain is to be used for 
pasture, the more difficult it will be to produce a 
non-flowering strain, since there will be fewer areas 
suitable for seed production. To obtain a strain 
which would remain vegetative everywhere in Britain, 
for example, seed would have to be grown on a com- 
mercial scale at latitudes above 60° N., probably in 
Scandinavia. 

Although the biochemical basis of the photoperiodic 
response is not yet fully understood, it seems probable 
that in the future it will be possible to induce flower- 
ing in unfavourable photoperiods by suitable chemical 
treatment, thereby removing the main difficulty of 
seed production in non-flowering strains. 

In conclusion, it seems clear that the production 
of non-flowering strains is now technically possible, 
but their economic use in farming practice will 
depend largely on the cost of seed production. It is 
suggested that the development and testing of such 
non-flowering strains deserve serious consideration. 
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RADIOMETRIC AND GEOCHEMICAL SURVEY TECHNIQUES 


in the Geophysical Discussion of the Royal 
Astronomical Society held on January 31, Sir 
William Pugh introduced four invited speakers. He 
referred to the importance of atomic energy to our 
national economy and added that, although we had 
recently heard of the possibilities of the controlled 
release of thermonuclear energy, the present reactor 
programme was based upon uranium as the main 
fuel element. In view of this, and of the increased 
demands for rarer metals of value to our expanding 
industries, he stated that it was particularly appro- 
priate to discuss radiometric and geochemical 
methods of prospecting at this time. 

[" Mr. 8. H. U. Bowie, in opening the session, recalled 
that prior to the Second World War only two mines, 
namely, Shinkolobwe in the Belgian Congo and 
Eldorado in Arctic Canada, produced significant 
tonnages of uranium ore; but, as a result of the 
intensive search during the past decade, more than 
300 mines were now in production. Most of the 
discoveries had been made by the sound application 
of geological knowledge aided by instruments capable 
of detecting and measuring the gamma radiations 
from near-surface mineral occurrences. Both Geiger— 
Miiller and scintillation counters are used in pros- 
pecting, and a variety of different instruments had 
been designed for specific purposes. The choice of a 
suitable instrument depends largely on the degree of 
reproducibility sought. If no allowances are made 
for terrain factors such as local topography, absorp- 
tion of gamma photons by soil cover, or disequi- 
librium between uranium and its daughter elements 
due to weathering, a high statistical accuracy in the 
measurement of count-rate is unnecessary. Thus, a 
light-weight ratemeter, which averages the pulse- 
rate over a short period of time and has a count-rate 
of one or two per second over flat-lying bed- 
rock of a grade equivalent to 0-001 per cent equi- 








valent U,;Ox,, is adequate for preliminary prospecting 
purposes. More sensitive instruments are necessary 
for use by geologists in the detailed gridding of an 
area of anomalous radioactivity. In car-borne and 
airborne surveys, where the average radioactivity 
over intervals of traverse is recorded, scintillation 
counters of high sensitivity are necessary. For 
example, to obtain a count-rate of an accuracy of 
10 per cent over 50-ft. intervals of traverse at a 
speed of 30 m.p.h., the count-rate of the instrument 
would have to be about 85 pulses per second over 
the same low-grade bedrock. 

Airborne ratemeters designed by the Atomic 
Energy Research Establishment have single or triple 
thallium-activated sodium iodide crystals each 4% in. 
in diameter and 1 in. thick coupled optically to a 
photomultiplier tube. Flight altitude and lane 
widths are dependent on the geology of the terrain 
to be surveyed, but two general techniques have been 
evolved. In one, flying is undertaken at an altitude 
of 500 ft. and at lane-widths of a quarter of a mile ; 
in the other, the altitude is usually between 200 and 
300 ft. and the lane-widths reduced accordingly. 

Mr. Bowie concluded by saying that because of 
the ease with which uranium and thorium can be 
detected by geophysical means, geochemical tech- 
niques were not so important in the search for 
uranium as in the search for base metals. However, 
because of the high degree of mobility of the urany] 
ion (UO,)*+ in solution, the detection of uranium in 
run-off water, particularly in river basins draining 
mountainous or forested country, was a valuable aid 
in the delineation of favourable areas. 

Dr. J. 8. Webb, who followed, said that geo- 
chemical methods of mineral exploration are based 
on the premise that diagnostic disturbances in the 
normal distribution pattern of chemical elements may 
exist in accessible material in the vicinity of concealed 
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ore deposits. Such geochemical anomalies result from 
the natural dispersion of elements from the site of the 
parent deposit and are commonly sought by tbe, 
systematic sampling and analysis of rock, soil, 
vegetation, stream water and stream alluvium. 

Geochemical dispersion patterns are subdivided 
into two genetic categories, namely, primary dis- 
persions formed in depth at the time of mineralization, 
and secondary dispersions, which are usually formed 
in the zone of weathering. Primary dispersion 
patterns may occur as regional variations in the 
trace element content of rocks and minerals associated 
with metallogenic provinces, aureoles of impreg- 
nation in the wall-rocks surrounding individual 
deposits, or ‘leakage’ dispersions of trace metals in 
the channel-ways followed by mineralizing solutions. 
In all cases, the primary dispersion is genetically 
related to the ore-forming processes. The inter- 
pretation of the geochemical anomalies in terms of 
the location of possible associated deposits is often 
difficult and is dependent on the understanding of 
the local geology. Secondary dispersions, on the 
other hand, are usually associated with the weathering 
cycle, and although the dispersion processes are 
complex, considerable progress has been made in the 
development and application of techniques having a 
proved practical value in prospecting. This is par- 
ticularly true of geochemical soil surveys in areas of 
residual overburden, where the methods have been 
successfully used for detecting the presence of sub- 
outcropping deposits of copper, nickel, arsenic, gold, 
antimony, chromium, tin, tungsten, molybdenum 
and other metals. 

At times, positive results have been obtained 
where copper, lead and zinc mineralizations have 
been concealed by transported glacial cover up to 
some tens of feet thick. Here, the metals have had 
the opportunity of migrating upwards into the 
overlying material by diffusion and other processes, 
including the growth of vegetation which has ex- 
tracted the ore metals as part of its nutrient uptake. 
Although the systematic analysis of the plants them- 
selves has been employed on, occasions, it is normally 
found more practicable to sample the underlying 
soil wherein metal has accumulated over generations 
in the biogeochemical cycle. Geochemical soil and 
vegetation anomalies are usually restricted to the 
immediate vicinity of the parent mineral deposit, 
but abnormal concentrations of metal may some- 
times be detected in the surface drainage system up 
to several miles downstream from mineralization. 
Where such geochemical dispersion does exist, the 
systematic sampling of stream water or alluvium 
may constitute a useful aid in the rapid mineral 
reconnaissance of comparatively large areas. Sam- 
pling and analysis of stream alluvium for metals 
extractable at normal temperatures have given 
particularly encouraging results in reconnaissance 
for copper and base metal deposits. 

The practical application of geochemical methods 
has been made possible only by the development of 
extremely rapid, simple tests and there are now trace 
analytical techniques for a wide range of metals 
capable of being performed with adequate accuracy 
by semi-skilled personnel. For the most part, these 
tests are simplified versions of classical colorimetric 
and chromatographic methods, although spectro- 
graphic, fluorimetric and other procedures may be 
utilized for particular problems. 

Current research is active and aimed at broadening 
the seope of existing methods, extending knowledge 
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of dispersion processes, investigating the regional 
approach to comprehensive geochemical reconnais- 
sance and developing appropriate analytical tech- 
niques. Progress in the application of geochemical 
techniques indicates that, when used in conjunction 
with geological, geophysical and other sources of 
information, they will play an increasingly greater 
part in modern mineral exploration. 

Mr. J. E. T. Horne next spoke on the determination 
of the age of radioactive mineralization and the 
importance of this in the search for further deposits. 
Knowledge of the age relationships between a 
mineralization, its enclosing sediments, and any 
igneous activity in the area could give, in many 
instances, a clearer indication of where to look for 
further occurrences. Such information was also 
valuable in understanding the genesis of ores, par- 
ticularly in deciding between epigenetic and syn- 
genetic origins. An example of a detailed age study 
that had led to practical results was the work of the 
United States Geological Survey on the uranium 
mineralization of the Colorado Plateau. There, field 
evidence had suggested a mineralization penecontem- 
poraneous with the Triassic and Jurassic sediments, 
but analysis of more than fifty samples pointed to a 
late Cretaceous or early Tertiary age. This conclusion 
assisted in guiding a most successful prospecting and 
drilling programme. 

Mr. Horne outlined the principles of dating uranium 
and thorium minerals from the four ratios lead-206/ 
uranium, lead-207/uranium, lead-208/thorium and 
lead-207/lead-206, and discussed some of the factors 
responsible for the frequent lack of agreement in the 
derived ages. Formerly, the fact that lead/lead ages 
are commonly higher than the lead/uranium ages was 
attributed to the loss by diffusion of radon generated 
in the uranium-238 series, but laboratory measure- 
ments had failed to substantiate such loss in most 
cases. Lead derived from uranium and thorium 
before the deposition of a radioactive mineral and 
incorporated in it at the time of formation would 
seriously affect the apparent ages, and there was 
good evidence that such original radiogenic lead is 
present in some ore deposits. In this case, not only 
did all the apparent ages differ from one another, but 
also they were all too high. A third major cause of 
discrepancy was the loss of lead, either recently by 
leaching or earlier by solid diffusion. It was inter- 
esting that leaching experiments on some materials 
had effected a differential loss of lead-208 with 
respect to the other lead isotopes, indicating a 
difference in the distribution of uranium and thorium 
in the mineral. Finally, age discrepancies might arise 
from the loss of uranium or thorium and it was 
imperative to minimize this effect by obtaining the 
freshest possible material. 

Age determination was not simple, but neither 
should it be dismissed as thoroughly untrustworthy. 
Some deposits were much more difficult to date than 
others ; these latter required the analysis of a com- 
prehensive set of carefully selected samples, supported 
by meticulous observations in the field and mineral- 
ogical laboratory. Processes postulated to account 
for discrepancies must be established beyond reason- 
able doubt by independent evidence. 

The last of the four principal speakers, Dr. W. 
Bullerwell, approached radiometric methods in bore- 
hole logging by discussing geophysical logs in general. 
He indicated, with examples from a deep boring for 
coal, how such records assist where core-recovery is 
poor and how geophysical marker horizons can help 
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correlation between adjacent uncored boreholes. He 
stressed the importance of obtaining physical data on 
the properties of rocks from measurements made in 
situ, as the information so obtained could be applied 
in interpreting surface geophysical surveys. The 
continuous nature of the records also facilitates 
sampling and the averaging or integration of physical 
properties over a column of strata. 

Just as classical studies first concentrated on 
natural radioactivity and later turned to activation 
methods, so borehole measurements of natural gamma 
radiation ‘were followed by neutron techniques. For 
natural radiation measurements, ionization chambers, 
Geiger counters and scintillation counters have been 
used. The latter have a shorter ‘active length’ and 
this gives improved discrimination of thin beds. A 
relatively recent development is the scintillation 
spectrometer, which is capable of differentiating 
between the various energy-levels of incoming gamma 
rays. Since different elements are associated with 
gamma, rays of differing energies, it becomes possible, 
in some instances, to obtain an indication of the 
nature of the nuclides responsible for the radioactivity 
by studying the pulse height distribution. 

In neutron methods a neutron source is lowered 
into the borehole, followed by a detector. Neutrons 
will be captured by nuclei of the atoms that make 
up the surrounding rock, and the gamma rays emitted 
during these reactions can be recorded on a gamma 
detector. Similarly, if a neutron detector is used the 
distribution of neutrons in the borehole can be 
studied. Neutron sources commonly used, for 
example, radium—beryllium, also emit gamma rays, 
and it is necessary to shield the detector from the 
source in both neutron-neutron and neutron—-gamma 
methods. Compton scattering and natural activity 
of the formation add complications. In gamma— 
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gamma, logging, which combines a gamma source and 
gamma radiation detector, scattered radiation, how- 
ever, provides information related to formation 
density. Neutrons lose most of their energy in 
collisions with hydrogen, and as this element is 
abundant in both water and oil, neutron logs are 
important for porosity studies in oil exploration. In 
mentioning the combination of a neutron source with 
a scintillation spectrometer as detector, Dr. Buller- 
well said that this would seem to offer the possibility 
of obtaining geochemical data by a geophysical 
method. A miniature Van de Graaff particle accel- 
erator, 3 in. in diameter, 47 in. long and generating 
200,000 V., has been used to produce an intense beam 
of neutrons during borehole experiments in the 
United States. 

Radiometric logging methods have been applied in 
widely differing fields. Applications to detailed 
studies of radioactive ore-deposits are usually quite 
direct and closely controlled by assayed samples. 
Quantitative comparisons between sedimentary 
formations in oil-wells or deep structural boreholes, 
however, are complicated by varying conditions of 
observations. Calibration of instruments provides 
little difficulty, but ancillary data must be recorded 
to permit adequate correction for variations in bore- 
hole-diameter, mud-density, cement collars and 
thickness of casing. In concluding, Dr. Bullerwell 
stressed that these methods provide basic geophysical 
information, and he expressed the hope that should 
the proposal to drill a deep borehole to explore the 
Mohoroviéié discontinuity come to fruition, then the 
opportunity to obtain a comprehensive series of 
geophysical logs should not be overlooked. 

The chairman closed the meeting after a short 
informal discussion in which several speakers took 
part. 8S. H. U. Bowre 
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CLIMATE, VEGETATION AND LAND UTILIZATION IN THE 
HUMID TROPICS 


T the Ninth Pacific Science Congress, which was 

held at Bangkok, Thailand, during November 
18-December 9, two days were devoted to @ sym- 
posium on climate, vegetation and land utilization in 
the humid tropics, in which some eleven speakers 
dealt with different aspects of these closely related 
subjects. In addition to papers read by their authors, 
a few papers were read on behalf of contributors who 
were not present, and some invited guests, including 
one of the present writers (P. W. R.), who did not 
prepare papers, were asked to contribute to the 
discussions. The convener was Dr. F. R. Fosberg 
(Pacific Vegetation Project, Washington, D.C.), and 
the symposium was organized, and its proceedings 
will be published, with the financial support of 
Unesco. As so often happens, the time allotted for 
general discussion proved insufficient ; nevertheless, 
a valuable opportunity was provided for an exchange 
of ideas between workers in different disciplines 
which do not come often enough into contact. 

At the outset there was the question of definition : 
What do we mean by the tropics in general and by 
the humid tropics in particular? Broadly, as Dr. 
Fosberg said in his opening remarks, the two belts 
of trade-winds blowing towards the equator and the 
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shifting belt of calms or doldrums are of greatest 
importance in defining these regions. Dr. David I. 
Blumenstock (Hawaii), who contributed a paper on 
the characteristics and distribution of tropical 
climates, expanded this by reminding the Congress 
of the special significance of weather or circulation 
regions, such as the monsoon region and, perhaps 
surprisingly, the hurricane areas; he regarded the 
tropical climatic realm as best defined as the region 
within which the temperature of the coldest month 
in the lowlands averages at least 64-4° F. (18°C.), 
with the included upland and mountain areas. In this 
sense the lowland humid tropics are the frost-free 
areas of the world, where the unique features are in 
the illumination and radiation regimes rather than in 
that of insolation. Dr. Blumenstock considered that 
radiation is a more important factor than previously 
believed. In regard to temperature he emphasized 
the importance of extremes ; in regard to moisture, 
the significance of dew and the variability of rain 
through the year. 

Dr. C. G. G. J. van Steenis (Leyden) and Dr. Carl 
Troll (Bonn) dealt, respectively, with the lowland and 
the mountain vegetation of the tropics. In the 
course of a very comprehensive review of tropical- 
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vegetation types, van Steenis took the discussion 
away from mathematically defined climatic types to 
vegetation types related to different phytoclimates. 
After briefly discussing plant life-forms and the use 
of individual plant species as climatic indicators, he 
proposed a system of ten ‘fundamental’ climatic 
types of tropical lowland vegetation. This was later 
criticized by Prof. P. W. Richards as consisting of a 
mixture of climatic, edaphic and seral types of very 
unequal importance in the tropics as a whole. Dr. 
Troll made out the case for six altitudinal zones of 
tropical mountain climates, again based chiefly on 
vegetation. He demonstrated the use of thermo- 
isopleth diagrams and stressed the importance of 
frost in determining the altitudinal zones in the 
tropics. 

A trend away from the definition of tropical 
climatic types in terms solely of a mathematical inter- 
pretation of figures, and tow: one based on their 
influence on vegetation and crops appeared in the con- 
tributions of Dr. F. Egler (Aton Forest, Connecticut) 
and Prof. P. Dansereau (Montreal); the former, in 
fact, stated the case for the geographer’s approach 
(though he did not refer to it as such, but called it 
‘holism’) in suggesting that climate, soil and vegeta- 
tion must not be regarded, as they sometimes have 
been in the past, as mutually exclusive fields of study. 

The sad death of Dr. R. L. Pendleton and the 
illness of Dr. D. L. Bramao left the preparation of a 
statement on tropical soils to Dr. R. Dudal (Food 
and Agriculture Organization). Although he described 
his paper as a hurriedly prepared draft and it was 
not available to the Congress until the symposium 
was over, his succinct oral presentation conveyed 
conviction that at last a logical classification of 
tropical soils was being worked out. Where tests 
had besn made, in Java and Borneo, the ten types 
in the scheme proposed arrange themselves in a 
logical sequence related primarily to relief—slope 
and drainage. The principle that the soil types are 
related to a certain range of land-forms as well as to 
vegetation was in line with points made by Dr. Egler 
and later by Dr. Christian. 

The whole symposium stressed the need for the 
survey or observational approach to many of the 
problems. The huge areas in tropical Australia, 
Papua and New Guinea surveyed from the air and 
mapped under his direction led Dr. C. 8. Christian 
(Commonwealth Scientific and Industrial Research 
Organization) to ask how best the results may be 
utilized. He saw that the land must be considered 
as embracing all factors of importance to man’s 
well-being. Specific areas identifiable by their ‘major 
observable inherent features’ (of topography, soil, 
vegetation and climate) are termed by Christian 
‘land units’ grouped into ‘land systems’. These are 
more or less equivalent, respectively, to the ‘stows’ 
and ‘tracts’ of J. F. Unstead, and because of the 
other uses of the word ‘system’ as applied to land, 
‘tracts’ is perhaps a safer word to use. 

The cartographic approach to the problems dis- 
cussed in the symposium was dealt with particularly 
by Prof. Henri Gaussen (Toulouse), who exhibited a 
number of the vegetation maps of France and other 
countries produced by his laboratory. He suggested 
the publication of a series of maps of vegetation in 
the tropics on the scale of 1: 1,000,000, the only 
scale on which base maps are generally available. 
Gaussen’s scheme agrees essentially with that 
advocated by the Commission on World Land Use 
Survey of the International Geographical Union in 


No. 4609 


NATURE 


mapping the vegetation actually present (that is, 





597 


without any theoretical assumptions about 
‘climaxes’, etc.), but whereas Gaussen uses only eight 
types of vegetation—four types of forest, savanna, 
desert, shores and cultivation—the World Survey 
considered it possible to go further in separating 
categories of land-cover; it also thought that the 
interpretation of the pattern found should be made 
in explanatory memoirs, while Gaussen believes it 
possible to indicate ecological conditions by colours 
on the map itself. The case for these two alternative 
approaches has been argued before on many occa- 
sions. The World Land Use Survey wished to make 
the maps as objective as possible; the facts can be 
interpreted in more than one way and if, as Gaussen 
proposes, the ecological factors believed to be 
responsible are shown on the map itself, a subjective 
judgment is necessarily introduced. Given the 
validity of the underlying assumptions, however, the 
magnificent quality and value of the Gaussen maps 
will be generally acknowledged. 

If the first day of the symposium may be said to 
have dealt with the fundamental features of man’s 
environment, the contributors on the second day 
dealt mainly with the effects, direct and indirect, on 
these features of man himself. The opening speaker, 
Dr. E. Aubert de la Riie (Paris), gave a broad review 
of the rapid disappearance of the natural plant cover 
in all parts of the tropics, which in the future may 
be seen only if national parks and nature reserves 
are established. Dr. Dioscoro 8. Rabor (Silliman 
University, Philippines) in a communicated paper 
dealing with wild life in the Philippines made the 
further point that wild life (that is, mammals and 
birds) depends on the natural vegetation, and as long 
as that is conserved it, too, is protected. 

Dr. Carl Sauer (University of California) in a com- 
municated paper on “Man in the Ecology of Tropical 
America” accepted as proved (perhaps rather sur- 
prisingly) the view that there was formerly a much 
larger population in the American tropics and argued 
for the presence of numerous agricultural tribes even 
in the forests of Amazonia. Both he and Dr. Ooi 
Jin-Bee (University of Malaya), who followed with a 
paper on the distribution of present-day man in the 
tropics in a historical and ecological perspective, 
noted the comparatively simple relationship between 
human distribution and favourable environmental 
conditions (such as the wet lowlands suitable for rice 
in south-east Asia) in the past and the changes con- 
sequent on the development of exploitable resources. 
Dr. Sauer held that in the American tropics European 
livestock were able to range over the former fields of 
a decimated sedentary population. Whether this was 
so or not, it is generally agreed that much savanna 
formerly regarded as climax vegetation does not 
correlate well with either climate or soil and can only 
be explained by the destruction of tree seedlings 
during man’s annual burning of grass. Tropical 
grasses are only palatable to stock when young and 
tender, hence the need to burn off the old tough 
stems and encourage new growth. <A paper from 
Dr. R. O. Whyte (Food and Agriculture Organiza- 
tion) here reminded the symposium that scientific 
management of tropical grasslands has scarcely 
begun, and that a first step in any area is to try to 
understand the relationship between grassland and 
the climatic climax vegetation when the biotic 
factors of grazing and burning are eliminated. 

A major current problem in the tropics is un- 
doubtedly the integration of agriculture and forestry. 
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A paper from Mr. Colin Marshall (Malaya) emphasized 
some fundamental truths which are certainly not 
appreciated by most policy makers in tropical coun- 
tries at the present day. The increase of population 
with the spread of Western medical, sanitary and 
economic systems in tropical countries makes 
scientific land-use planning and its acceptance by 
governments and peoples absolutely essential. It is 
perhaps because scientific forestry—the intelligent 
management of forested land on a sustained yield 
basis—has been imposed on the peoples of tropical 
Asia from outside that in their new-found inde- 
pendence there is an undoubted tendency to regard 
forest reserves not as an attempt to conserve a 
valuable resource or to control soil erosion and 
make good use of land unsuitable for other eco- 
nomic use, but as a restriction on the liberty 
of the people. The creation of useless wastes in 
many parts of the world is due to the mistaken 
concept that forest is simply an impediment to 
be destroyed in order to free land for grazing and 
cultivation. Nothing is more important than that 
forests should be maintained to perform their many 
functions in a balanced land economy; only land 
which can be used more effectively in that way should 
be turned over to cultivation. 

This leads on to the question of shifting cultivation, 
which was dealt with by Dr. Karl Pelzer (Yale 
University), who, however, wished to replace the 
term ‘shifting cultivation’ by ‘swidden farming’. It 
is not wholly bad, he said, as is sometimes main- 
tained. Where it is a deliberate agricultural tech- 
nique (as with ‘bush fallow’ in parts of Africa) the 
cultivator knows the value of rotating his patches 
of cultivation to maintain soil fertility and can be 
regarded as conservation-minded. Yet the forester 
recognizes the extravagance of a system in terms of 
land, which prevents the regeneration of natural 
forest or economic timber while maintaining the land 
almost completely idle for perhaps a dozen years out 
of fourteen. In exceptional cases, useful quick- 
growing trees such as Casuarina are deliberately 
planted in the fallow period, but normally there can 
be little doubt that the substitution of some other 
system or systems is vital and urgent. But what 
other systems ? Almost certainly not the permanent 
dry-field cultivation of annual plants practised in 
mid-latitudes. The right use of many upland tropical 
areas is in perennial, especially tree, crops ; while in 
many lowlands wet rice fields are not only a productive 
form of cultivation but ensure a well-guarded soil. 
In other words, agricultural developments must be 
integrated with physical conditions. 

Prof. Dudley Stamp, in a paper on “Land Use in 
the Humid Tropics: Living Space and Recreation”’, 
directed attention to uses of land other than for food 
production; man can indeed not live by bread 
alone. The need of land for housing, industry, 
defence and recreation competes with the need of 
land for agriculture. In crowded countries where 
there is difficulty in deciding between alternative 
uses of land in the national interest, three principles 
may be applied—that of optimum use, that of 
multiple use, and that of the elimination of waste 
land. 

In the concluding paper of the symposium the 
chairman and convener, Dr. F. R. Fosberg (Wash- 
ington), considered man from an ecologist’s point of 
view. Hitherto, he pointed out, man has behaved as 
@ pioneer species, increasing rapidly in numbers, 
drastically altering his habitat, and using up the 
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resources on which he depends at a rapid and 
accelerating rate that definitely places a limit to 
their duration; in the case of some of them this 
limit is already being approached. It may be, how- 
ever, that with the development of the faculty of 
intelligence man has within his power the choice of 
behaving either as a pioneer organism, destroying its 
habitat and consequently soon disappearing from it, 
or as @ climax organism preserving its habitat and 
learning to live in equilibrium with it. If this is to 
happen, the sciences of geography and ecology must 
take the lead in determining how to establish a per- 
manent equilibrium between man and his environ- 
ment. Ecology must perform, on a scale not heretofore 
imagined, its function of integrating the data provided 
by other sciences, including the social sciences. 
Though the magnitude and difficulty of this task may 
make it seem impossible, our courage in attacking it 
may well determine the future of man on earth. 

In summing up the symposium, Prof. Dudley 
Stamp said that every paper led to the same con- 
clusion—with increasing pressure of population there 
must be conscious planning of land use and resources 
firmly based on scientific knowledge as well as on an 
appreciation of the varied needs and desires of human 
beings. This is particularly true of the humid tropics, 
where in many parts there are vast resources but 
few people, and so still hope of avoiding the worst 
blunders made in cooler lands. There must be mutual 
co-operation between planners and users as well as 
between different users. Our case is hopeless if we 
continue to regard the forester and agriculturist as 
enemies or the conservation of fauna and flora as 
inconsistent with the economic development of 
resources ; the varied aims, all desirable in them- 
selves, must be co-ordinated into one comprehensive 
plan. 
The first thing that is required is an inventory and 
appraisal of resources, which should take the form of 
@ factual land-use survey preceding any attempt at 
interpretation. A few examples of such surveys from 
the humid tropics are the magnificent reconnaissance 
maps of Ghana, the recently completed outline survey 
of the Sudan, the aerial survey of Pakistan, the 
recently commissioned air survey of Burma, the 
survey of Samoa carried out by the University of 
New Zealand, the fine detailed maps of Hong Kong 
prepared by the University, the detailed maps of 
Taiwan and, if one may stretch the tropics so far, 
the superlative detailed maps of Japan. All these 
follow broadly the recommendations of the Special 
Commission of the International Geographical Union 
approved at a meeting sponsored by Unesco in 1950. 

The field covered by the symposium was an 
immensely wide one, but Prof. Dudley Stamp thought 
it covered only half the main problem. The other 
half is the human angle. The whole purpose of 
planning and rational land utilization is to secure an 
increased standard of living and a fuller measure of 
life for the people. What, in fact, do people want ? 
Are our Western concepts of the standard of living 
the right ones ? May not our search for efficiency be 
destroying values far more worth-while ? He men- 
tioned these points to emphasize his belief that the 
demographer, the sociologist and their many col- 
leagues must carry out studies parallel to those with 
which the symposium had been concerned. It is 
difficult to plan unless one knows what one is planning 
for. 

L. Dupizy SramP 
P. W. RicHarps 
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Prof. H. A. Kluge 


News has only recently been received of the death 
of Prof. Hermann A. Kluge on December 25, 1956. 
We are much indebted to Mrs. Helen Androsova, of 
the Zoological Institute, Leningrad, who has supplied 
the biographical details for this notice. 

Kluge was born in Radom, Poland, in 1871, and 
graduated in 1896 at the University of Kazan, 
taking his master’s degree and becoming Privat- 
docent there in 1899. He had already gained the gold 
medal of the University for his first research investi- 
gation (on the natural history of the freshwater 
Polyzoa), and had studied in 1897 at the Solovetski 
Biological Station on the White Sea. His major 
scientific interests for the rest of his life, the Arctic 
and the Polyzoa, were thus established. Between 
1900 and 1907, in preparation for his doctor’s degree, 
Kluge studied at the Zoological Station at Naples, 
and also at museums in Germany, Sweden, Denmark 
and England, where he paid particular attention to 
the collections of Polyzoa from the various oceans. 

Returning to Russia, Kluge began to work on the 
previously unstudied collections of Polyzoa from 
Russian seas in the Zoological Museum (now Institute) 
of the Academy of Science at Leningrad. He con- 
tinued this work throughout his life, and the resulting 
series of papers demonstrated the existence in 
Russian Arctic waters of some 350 species of Polyzoa, 


many of them new. Two important contributions, 
on which he had worked for many years, are to be 
issued posthumously. Kluge’s investigations also 
extended to the Polyzoa of West Greenland and the 
Antarctic. The care and accuracy of his descriptions 
and fine drawings, which are typical of all his work, 
are well seen in his monograph (1915) of the Anascan 
Polyzoa of the Deutsche Siidpolar Expedition of 
1901-3, perhaps the best known of all his publications 
to European workers. He also wrote on such little- 
studied groups as the Kamptozoa, Rhabdopleura and 
the cirripede Dendrogaster. 

But all this was only part of Kluge’s scientific life. 
From 1908 until 1933 he was director of the Murman 
Biological Station in Kola Bay, where he remained 
as @ scientific worker after his retirement. Though 
not a large institution, it has been described as a 
model of its kind, with an excellent aquarium, a 
good library and museum, and well equipped for 
marine biological investigations. In 1934 Kluge 
visited the north of Novaya Zemlya, where he spent 
the winter at the polar station at Cape Zhelaniya. 
He was also one of the founders of the Arctic Museum 
in Leningrad, of which he was director for some time. 

Kluge devoted his life and energy to the study of 
the zoology of the austere far north. Our knowledge 
of the biology of the Arctic Ocean owes much to him. 

Anna B. Hastines 
H. Dicuton THomas 
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Sir James Swinburne, Bart., F.R.S. 

Str JAMES SWINBURNE celebrated his hundredth 
birthday on February 28. Sir James, who until 1953 
was chairman of Bakelite, Ltd., and who is now 
honorary president of the Company, is a distinguished 
engineer and one of the world’s pioneers in the field 
of synthetic resins. His original work on phenolic 
resins at the beginning of the century made a major 
contribution to the development of the modern 
plastics industry. During his long life Sir James 
Swinburne has had many interests. In addition to 
being a Fellow of the Royal Society, he is past 
president of the Institution of Electrical Engineers, 
&@ past president of the Faraday Society, and a 
member of the Institution of Civil Engineers. He 
has always been interested in sociology and among 
his publications is the work “Population and the 
Social Problem’’. He has also been keenly devoted 
to music, and one of his early interests was the 
electric organ. Another of his hobbies is horology, 
and he has published books and papers on this sub- 
ject. Sir James has now retired from active occupa- 
tions to Bournemouth. 


Social and Preventive Medicine at Belfast : 
Prof. A. C. Stevenson 


Pror. A. C. Stevenson, head of the Department 
of Social and Preventive Medicine in The Queen’s 
University, Belfast, will vacate his chair on April 1 
to take up a new appointment as director of a Medical 
Research Council Population Genetics Unit. Prof. 
Stevenson joined the Department in 1948, after 


holding the post of senior lecturer in public health at 
the London School of Hygiene and Tropical Medicine. 
Prof. Stevenson has taken an active interest in the 
affairs of the Institute of Clinical Science, in which 
his Department is housed, which has given him 
ample opportunities for research in the field of 
genetics. Fortunate in having a defined population 
of convenient size for study in Northern Ireland, he 
has made a detailed study of the distribution of 
several harmful genes, including those involved in 
the transmission of myoclonic epilepsy, muscular 
dystrophies, congenital malformations, achondro- 
plasia, epiloia, rheumatic fever, deaf mutism, retino- 
blastoma and tylosis palmaris et plantaris. Prof. 
Stevenson is the author of ‘Recent Advances in 
Social Medicine”, published in 1950 by Churchill 
(London). In 1953 he was one of a team of medical 
scientists which visited Indonesia to study the public 
health problems and needs of that country for the 
World Health Organization. 

The increasing hazards from ionizing radiation 
have directed attention to the fact that we have very 
few data on the genetic effects of radiation on human 
beings. Further information is required on the 
genetic structure of human populations and there is 
an urgent need for the collection of more information 
on fertility, consanguinity and mortality. The 
formation of a Medical Research Council Unit for 
the study of population genetics is a step in the 
right direction, and Prof. Stevenson’s experience in 
Northern Ireland should stand him in good stead as 
head of the new Department. 
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Dr. J. Pemberton 


Dr. JouN PEMBERTON, reader in social and indus- 
trial medicine in the University of Sheffield, has been 
appointed to succeed Prof. Stevenson. After working 
with Sir John (now Lord) Boyd Orr at the Rowett 
Research Institute, Aberdeen, in charge of a mobile 
nutritional research team, he went to Sheffield in 
1940 as medical first assistant at the Royal Hospital, 
becoming medical tutor in 1941. During this time 
he maintained his interest in nutritional matters, 
working with Prof. H. A. Krebs on the extremely 
important experiments on deficiency of vitamin C in 
human volunteers. In 1946 he was appointed 
senior lecturer in medicine (social aspects) and 
student health officer in the University. In the next 
few years he carried out some extremely valuable 
studies on illness in general practice and socio-medical 
studies of hospital in-patients. In 1949 Dr. Pember- 
ton joined the newly formed Department. of Social 
and Industrial Medicine at Sheffield as senior lecturer, 
becoming reader in 1957. He has maintained contact 
with the hospital by accepting appointments as 
honorary consultant physician to the City General 
Hospital, where he has beds, and to the United 
Sheffield Hospitals, where he ran an out-patient 
clinic. He has played a most important part in 
developing the teaching and research programme of 
the Department, being particularly concerned with 
the running of the social medicine clerkship, and with 
the organization of case demonstrations and colloquia. 
With Prof. W. Hobson and Dr. H. Droller he helped 
to organize a medical survey of old people in their 
homes in Sheffield. In 1955 the results of this work 
were published in a book, “The Health of the Elderly 
at Home”’, of which he was joint author, and he was 
awarded jointly a prize of £100 for original work in 
geriatrics by the Ciba Foundation. 

During 1953 Dr. Pemberton visited the United 
States to study teaching methods in American 
medical schools, and in 1954 spent a year at Harvard 
School of Public Health, working on the epidemiology 
of chronic bronchitis. His work in the United States 
resulted in his founding, with Dr. Harold Willard, the 
International Corresponding Club, of which he is the 
co-secretary. The Bulletin issued by the Club has 
been an outstanding success in making known to 
workers all over the world the developments in 
teaching and research which are going on in social 
medicine. In September 1957 he organized an Inter- 
national Study Group in Holland, financed by the 
Rockefeller Foundation. In 1957 a Medical Research 
Council group for epidemiological research on air 
pollution was formed in Sheffield, with Dr. Pemberton 
as director. His recent published work has been 
concerned with geriatrics, air pollution and respiratory 
disease. 


National Physical Laboratory : Dr. E. Lee 


Dr. Epwarp L£z, who is at present director of 
operational research in the Royal Naval Scientific 
Service, has recently been appointed to the new post 
of deputy director of the National Physical Labora- 
tory. The deputy director will assume the main 
responsibility for work in the National Physical 
Laboratory which is closely geared to immediate 
demands frem industry. Dr. Edward Lee was 
educated at Consett Grammar School and graduated 
at the University of Manchester with first-class 
honours in physics. After taking an M.Sc. degree 
at Manchester and a Ph.D. at Cambridge, he joined 
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the Royal Naval Scientific Service in 1939 and was 
posted to the Admiralty Research Laboratory. In 
1946, Dr. Lee joined the Defence Research Policy 
Staff at the Ministry of Defence and from then until 
1951 his work was mainly concerned with relating 
Service research programmes to the scientific effort 
available and Service requirements. He has been 
director of operational research at the Admiralty for 
the past three years. 


Reorganization of the National Physical Laboratory 


Durine 1957, a comprehensive review of the 
organization and programmes of work of the National 
Physical Laboratory was carried out by a committee 
of the Research Council of the Department of Scien- 
tific and Industrial Research. As a result, certain 
changes in organization will be introduced about the 
end of March. One of the most important is a re- 
organization of the work at present carried out in 
the Divisions of Electricity, Metrology and Physics 
and in the Test House. These four units will be 
replaced by three new Divisions to be called Stand- 
ards, Applied Physics and Basic Physics. 

The Standards Division will be responsible for all 
fundamental work on standards of length, mass and 
time ; of electrical and magnetic quantities and also 
of temperature. Basically, it will consist of the 
present Metrology Division, expanded to include 
certain work on standards now carried out in the 
Electricity and Physics Divisions. The superintendent 
will be Dr. H. Barrell, at present in charge of the 
Metrology Division. The Applied Physics Division 
will be responsible in general for work in the field 
of classical physics of fairly immediate value to 
industry (excluding optics, which will continue in the 
Light Division). The principal areas covered will be 
electrotechnics, acoustics, heat and radiology. Test 
House, which has hitherto come under Administra- 
tion, will become an integral part of this Division, 
but will preserve its identity under Mr. H. Bowley. 
The superintendent of the Applied Physics Division 
will be Dr. B. Wheeler Robinson, at present in charge 
of the Physics Division. The Basic Physics Division 
will be responsible for pioneering developments in 
certain branches of non-nuclear physics which have 
potential industrial applications in the less immediate 
future. The post of superintendent of this Division 
is at present vacant. 
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Expansion of Universities in Britain 

A PROVISIONAL building programme for university 
expansion, totalling £60 million during 1960-63, and 
including the foundation of a University College of 
Sussex, has been authorized by the Chancellor of the 
Exchequer. Announcing this in the House of 
Commons on February 20, Mr. Heathcoat Amory 
said that the programme would be subject to review 
if the economic situation changes substantially. The 
increase contemplated in the current rate of building 
is necessary if Britain is to secure the full benefits of 
future advances in science and technology, and it 
should be possible to achieve an increase from 106,000 
to about 124,000 students by the mid-1960’s, with a 
possible temporary rise of 10 per cent in the second 
half of the decade, an increase which may well prove 
to be permanent. Nearly two-thirds of the expansion 
will be devoted to faculties of science and technology 
of the existing universities and colleges of technology, 
which will enable the figure recommended by the 
Committee for Scientific Man-power to be reached 
and the number of scientists and engineers to be 
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doubled. The education estimates, Mr. Amory added, 
would be £26-5 million higher next year. 

In a written answer to a question in the House of 
Commons on the same day, Mr. Amory said that 
most universities are apparently dissatisfied in 
varying degrees with the grants allocated to them by 
the University Grants Committee, especially for the 
first two years of the quinquennium. The quinquen- 
nium settlement provides, however, for grants 8 per 
cent higher in the current academic year than in 
1956-57, rising by a further 30 per cent over the 
next four years. To these will be added supple- 
mentary grants in respect of the cost of salary awards 
effective from last August, making the total grant 
20 per cent higher in 1957-58 than in 1956-57. 

It is proposed that the University College of Sussex 
should be built at Brighton, where the Corporation 
has offered a site of about 150 acres at Stanmer Park 
on the Lewes Road. Negotiations between the 
University Grants Committee and a committee repre- 
senting the five local education authorities of Sussex 
and their education officers are at present in progress. 
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Nuclear Reactor Safety 

Tue Parliamentary Secretary to the Minister of 
Power, Sir Ian Horobin, in a written reply in the 
House of Commons on February 10, said that the 
Government intended to introduce legislation to 
ensure, by a system of licensing and inspection, that 
nuclear reactors on land were effectively subject to 
control in the interests of public safety. Owners of 
such reactors would, like the Atomic Energy 
Authority, be required to prevent damage to property 
or personal injury from radioactive contamination 
and would be liable to pay compensation for such 
damage even from an unavoidable accident, except 
to the extent to which there was contributory 
negligence on the claimant’s part. It was proposed 
to limit compensation in respect to any one incident 
to £5 million for each installation, and the insurance 
market was prepared to provide the necessary cover. 
The liability of the Atomic Energy Authority would 
not be affected, but problems of reactors in ships, 
submarines and aircraft required further study with 
regard particularly to the international aspects. 


Technical Co-operation in Africa South of the Sahara 


In @ written answer in the House of Commons on 
February 5, Mr. Ian Harvey, replying for the Secre- 
tary of State for Foreign Affairs, said that the 
Government and other members of the Commission 
for Technical Co-operation in Africa South of the 
Sahara have agreed to set up a Foundation 
for Mutual Assistance in Africa South of the 
Sahara. The Foundation is designed to facilitate and 
encourage the provision of technical assistance for 
that region and would be inaugurated at Accra at 
the end of February. The House would be asked to 
approve provisions for a United Kingdom contri- 
bution of technical assistance through the Foundation, 
which would be under the general direction of the 
Commission with a combined secretariat. 


Land for Service Requirements 

Tue Land Powers (Defence) Bill, which is the first 
major Bill to implement the Government pledges in 
the debate on the Franks report, seeks to terminate 
Defence Regulations relating to land and to make 
permanent provision for the much more limited 
powers required for defence purposes in time of 
peace. Speaking in the House of Commons on 
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February 10 on the second reading of the Bill, Mr. 
G. de Freitas said that in England, War Office hold- 
ings amounted to 1-47 per cent of the land; in 
Wales, 1-07 per cent; and in Scotland, 0-24 per 
cent. Asking for more information on the Govern- 
ment’s policy on land for Service training, he stressed 
the need for knowledge of total Service requirements 
if supplementary requests were to be handled intel- 
ligently. The tendency skould be for less and less 
land to be required by the Services but, after referring 
to the co-operation during the past year with the 
Nature Conservancy, of the War Office at Braunton 
Burrows and of the Royal Air Force at St. Kilda, as 
outstanding examples of the possibility of meeting 
the requirements of the Services side by side with 
those of scientific research, Mr. de Freitas pointed 
out that there were examples to the contrary. 
While accepting the general principle of the Bill, it 
was essential to see that the safeguards offered to the 
public were effective and that the objections of local 
authorities, the National Parks Commission and other 
bodies could be thoroughly examined. In his reply 
on the debate, the Attorney-General, Sir Reginald 
Manningham-Buller, said that the power to make 
representations to the Manoeuvres Commission, which 
was thereupon required to hold at least one public 
inquiry, was likely to be a much more effective way 
of protecting the amenity, ornithological and other 
interests in the land in an area covered by an Order 
in Council. 


New Roads 

REPLYING on a debate in the House of Lords on 
February 13 on the acquisition of land for roads, 
the Minister without Portfolio, Lord Mancroft, while 
agreeing that the announced programme of expendi- 
ture on roads of £240 million for the period 1958-62 
was not big enough, claimed that it was commensurate 
with our resources of finance and man-power. Forty 
large projects on the Great North Road wou'd be 
authorized by the end of the financial year and work 
on many was already in progress. Work on the 
Leicester by-pass, to cost nearly £4 million, was due 
to finish by the end of 1959. The Kingsferry Bridge 
in the Isle of Sheppey would cost more than £1 
million, the northern approach to the Blackwall 
Tunnel nearly £2 million, the Birmingham Ring Road, 
the first stage of which should be finished this year, 
about £15 million, and work would start in March on 
@ section of the London—Yorkshire motorway, which 
would be 53 miles long, take 19 months to complete 
and cost £15 million. The Ross Spur, to start on 
March 9, would take two and a half years. Much 
detailed work was involved in the preparation needed 
for the acquisition of land for road schemes, and the 
Government was trying to accolerate this work. He 
hoped in future it would be possible to provide local 
authorities with a programme approved in principle 
for three or four years ahead, which would enable 
them to work out details of the schemes and acquire 
property in time for the Minister to authorize the 
grant in the year in which he originally expected to 
make financial provision. After stressing the im- 
portance of flexibility, Lord Mancroft said that the 
Minister of Transport and Civil Aviation had set up 
@ special planning section which was preparing a 
twenty- to thirty-year master plan for roads. 


The Physics of Fluids 


The Physics of Fluids (1, No. 1 (January-February, 
1958). Pp. ii+72. Published bi-monthly. Annual 








602 


subscription rate: 11 dollars. New York : American 
Institute of Physics, 1958) is a new bi-monthly pub- 
lication of the American Institute of Physics. It will 
publish original research papers on the dynamics of 
flow, waves and shocks and also on the statistical 
thermodynamics of the fluid state. Particular atten- 
tion will be given to the mutual interaction between 
the flow of fluids and electromagnetic phenomena or 
chemical or nuclear processes. The term ‘fluids’ is 
applied by the editors to liquids, including liquid 
helium, to compressed and rarefied gases and to 
plasma. The new periodical may owe its existence 
to the necessity of relieving The Physical Review and 
The Journal of Chemical Physics. Research workers 
in the field of fluid physics will welcome the increase 
in facilities for publishing their work. 

There is a tendency to regard hydrodynamics and 
the molecular theories of liquids—to name only two 
significant examples—as somewhat outmoded and to 
appreciate them only in connexion with their engin- 
eering applications. Evidence to the contrary is apt 
to be overlooked when it is scattered over a number 
of different journals. In contrast, the first issue of 
The Physics of Fluids presents papers on topics such 
as the theory of bubble chambers, the effect of 
radiation on the propagation of shock waves, stability 
in magneto-hydrodynamics and the statistical quan- 
tum mechanics of the electron gas. It is clearly shown 
that fluid physics is closely connected with con- 
temporary fundamental research. The American 
Institute of Physics intends to publish The Physics of 
Fluids at monthly intervals if need arises. In the 
interest of progress in a fascinating branch of science 
we hope this plan will materialize at an early date. 


National Museum, Bloemfontein 


THE annual report of the National Museum, Bloem- 
fontein, for the year ended March 31, 1957, reflects 
the activities of a progressive institution. New 
buildings include a board room, enlargement of the 
library, and a thatched shelter to protect the exhibits 
of rock engravings. In addition, the new displays 
include a diorama of wildebeest, a large diorama of 
Free State animals and Matjes River material. It is 
pleasing to note that the appointment of a book- 
keeper/clerk has enabled the director to give more 
time to research and the preparation of exhibitions 
in the Museum. 


Clinical Use of Hormones 


InrorRMATION about hormones tends to be widely 
dispersed among specialized publications, and it is 
not easy for the ordinary clinician to obtain a balanced 
and up-to-date view of their status in medicine. The 
Practitioner (180, 5; January 1958) has therefore 
published a symposium of twelve short reviews, 
dealing with all the hormones now in general use 
with the exception of adrenaline. The articles are 
mainly of a practical nature, and discuss such ques- 
tions as dosage, types of commercial preparations 
available, and indications and contra-indications for 
their use. In addition, in the small amount of space 
available, they provide a surprising amount of general 
scientific information on the nature and mode of 
action of the hormones, and they include short 
bibliographies of important papers and reviews. 


The British Lichen Society 


A socrery for the promotion of the study and 
conservation of lichens, under the title of the British 


NATURE 


March 1, 1958 


Lichen Society, was formed at a meeting held at the 
British Museum (Natural History), South Kensington, 
on February 1, by kind permission of the Trustees. 
It is hoped eventually to publish a journal; but in 
the meantime it is intended to issue lichenological 
notes and news in the form of a mimeographed 
bulletin. Particulars can be obtained from the 
Honorary Secretary, Mr. A. E. Wade, Department of 
Botany, National Museum of Wales, Cardiff. 
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University News : Bristol 


Tue following appointments have been made: 
Dr. T. H. K. Barron, lecturer in physical and in- 
organic chemistry; Mr. R. Bradshaw, lecturer in 
geology ; Dr. R. G. Chambers, senior lecturer in low- 
temperature physics; Dr. J. Tinkler, lecturer in 
aeronautical engineering. 

The following have resigned: Prof. G. C. Drew, 
from the chair of psychology on his appointment to 
the chair of psychology at University College, 
London; Dr. E. J. Field, lecturer in anatomy, on 
his appointment as senior lecturer in neuropathology, 
King’s College, Newcastle, and the Royal Victoria 
Infirmary; Dr. K. Stewartson, reader in applied 
mathematics, on his appointment to the chair of 
applied mathematics at the University of Durham ; 
Dr. H. A. Thurston, lecturer in mathematics, on his 
appointment to the University of Vancouver. 

The following gifts have been received: £7,773 
from the British Empire Cancer Campaign for cancer 
research to be carried out in the Departments of 
Pathology, Physiology and Surgery, in 1958; £1,000 
per annum for a period of two years from Messrs. 
Kodak, Ltd., to the Department of Physics as an 
extension of the grant in support of experimental 
work on the physical properties of silver halides ; 
£967 from the Agricultural Research Council to the 
Department of Physiology as renewal of the grant in 
aid of research on bovine acetonzmia for a third and 
final year from April 1. 


Liverpool 


Dr. C. A. CLARKE has been appointed to a reader- 
ship in the Department of Medicine. 


London 


Dr. M. L. THomson, senior lecturer at the London 
School of Hygiene and Tropical Medicine, has been 
appointed to the University readership in applied 
physiology tenable at that School. The title of 
professor of pharmacology in the University of 
London has been conferred on Dr. George Brownlee, 
in respect of his post at King’s College. The title of 
professor of biochemistry in the University of London 
has been conferred on Dr. William Robson in respect 
of his post at King’s College. The title of professor 
of pharmacology in the University of London has 
been conferred on Dr. Miles Weatherall in respect of 
his post at the London Hospital Medical College. 
The title of reader in dental medicine in the Univer- 
sity of London has been conferred on Mr. B. E. D. 
Cooke in respect of his post at Guy’s Hospital Medical 
School. The title of reader in biochemical genetics in 
the University of London has been conferred on Dr. 
Harry Harris in respect of his post at the London 
Hospital Medical College. The title of reader in 
pharmacology in the University of London has 
been conferred on Mr. J. P. Quilliam in respect of 
his post at St. Bartholomew's Hospital Medical 
College. 
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Sydney 
Pror. J. H. Gappum, professor of pharmacology 
at the University of Edinburgh, has been appointed 
third visiting professor of pharmacology in the 
University of Sydney. Prof. Gaddum will leave for 
Australia about the middle of April and will spend 
approximately two months in Sydney. During his 
stay in Australia he will lecture in Sydney and other 
capital cities and will visit the Australian National 
University in Canberra. A fund has been established 
by the pharmaceutical manufacturers of Australia to 
enable the University of Sydney to invite a guest 
professor in this subject each year. 


Vancouver 


Dr. R. D. RussEt1, of the University of Toronto, 
has been appointed associate professor of geophysics 
in the University of British Columbia. A chair of 
geophysics, within the Department of Physics, was 
established last year by the appointment of Prof. 
J. A. Jacobs. Research at first will be mainly in the 
fields of isotope geology and geomagnetism. 


The Night Sky in March 

FuLt moon occurs on Mar. 5d. 18h. 28m. v.r7., 
and new moon on Mar. 20d. 09h. 50m. The following 
conjunctions with the Moon take place: Mar. 8d. 
2lh., Jupiter 2° N.; Mar. 12d. 18h., Saturn 3° S.; 
Mar. 15d. 1llh., Mars 6° S.; Mar. 16d. llh., Venus 
1° S. Mercury is favourably placed for observation 
at the end of the month, setting at 19h. Om. on Mar. 15 
and 20h. 20m. on Mar. 31. Its stellar magnitude is 
— 1-3 on Mar. 15 and + 0-4 on Mar. 31. Venus 
is @ morning star, visible low in’ the south-east before 
sunrise. It rises at 4h. 50m., 4h. 30m. and 4h. 10m. 
on March 1, 15 and 31, respectively ; its stellar 
magnitude is — 4-2, During the month its distance 
from the Earth increases from 37 to 58 million miles 
and the visible portion of the apparent disk from 
0-227 to 0-450. Mars rises at 4h. 55m., 4h. 30m. and 
4h. 00m. at the beginning, middle and end of the 
month, respectively ; it will be difficult to observe. 
Jupiter rises at 22h. 20m., 21h. 20m. and 20h. 10m. 
on March 1, 15 and 31, respectively ; it is east of 
Spica. The stellar magnitude of Jupiter is — 1-9, its 
distance from the Earth on March 15 being 430 
million miles. Saturn rises at 3h. 05m., 2h. 15m. 
and lh. 10m. at the beginning, middle and end of the 
month, respectively ; it is east of 6 Ophiuchi. It 
has a stellar magnitude of + 0-7 and a distance of 
930 million miles from the Earth on March 15. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich : 
Mar. Id. 22h. 16-7m., 4 Gem. (D); Mar. 3d. 18h. 
31-5m., x Cne. (D); Mar. 11d. 03h. 02-0m., v Sco. 
m. (D); Mar. 1ld. 03h. 31-9 m., v Sco. m. (R); 
Mar. 26d. 22h. 01.4m., 104 Tau. m. (D); Mar. 30d. 
20h. 58-0m., A* Cne. (D). D and R refer to disap- 
pearance and reappearance, respectively. The vernal 
equinox occurs on Mar. 21d. 03h. 


Announcements 

Axsout £50 is available from the Clough Memorial 
Research Fund of the Edinburgh Geological Society 
for geological research in Scotland and the north of 
England (Northumberland, Durham, Cumberland, 
Westmorland and Yorkshire) during the period 
April 1, 1958-March 31, 1959. Applications, stating 
the nature of the proposed research, should be sent 
before March 31 to the Secretary, Clough Memorial 
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Research Fund Committee, Edinburgh Geological 
Society, Synod Hall, Castle Terrace, Edinburgh 1. 


Tue Ministry of Agriculture, Fisheries and Food 
and the Department of Agriculture for Scotland 
propose to award, for the academic year beginning 
October 1, 1958, a number of postgraduate scholar- 
ships in the various branches of husbandry, farm 
management, agricultural economics, statistics, agri- 
cultural and dairy engineering, rural estate manage- 
ment and land economics. Awards will also be 
offered in agricultural science for students intending 
to pursue a course of postgraduate instruction. The 
closing date for receipt of completed application 
forms is March 31. Further particulars and forms of 
application can be obtained from the Ministry of 
Agriculture, Fisheries and Food, Room 284, Great 
Westminster House, Horseferry Road, London, 
S.W.1, or the Department of Agriculture for 
Scotland, St. Andrew’s House, Edinburgh 1. 

A symposium on “Science and Society’ will be 
held in the William Beveridge Hall, Senate House, 
University of London, on March 19, under the 
auspices of the Royal Institute of Chemistry, the 
Institute of Biology and the Institute of Physics. 
Prof. P. M. S. Blackett will take the chair. The main 
speakers will be: Prof. L. T. Hogben (‘Science and 
its Social Functions’); Prof. A. Haddow (“The 
Social Dangers of Science’); Dame Kathleen 
Lonsdale (‘The Social Place of Science’); Mr. 
Anthony Smith, Daily Telegraph (in place of Mr. 
L. J. F. Brimble, Nature) (‘“‘The Deployment of 
Scientific Effort’). Further information can be 
obtained from the Secretaries of any of the above 
Institutes. 

Tue British Social Biology Council is holding a 
one-day conference on “The Making of a Scientist”’ 
in the North Hall! Suite, Victoria House, Southampton 
Row, London, W.C.1, on March 22. The conference 
will bring together men and women from the 
schools, universities, industries and public services 
who are concerned with the training of scientists 
and their employment. It will be open to any- 
one who is interested in education and science. 
Tickets for admission are obtainable from the 
Secretary, British Social Biology Council, 69 Eccle- 
ston Square, London, S8.W.1. The programme 
for the morning, under the chairmanship of Mr. 
J. O. Blair-Cunynghame (National Coal Board), 
will consist of lectures on: “The Position of the 
Science Graduate in Industry” by Mr. E. A. Cooke 
(Imperial Chemical Industries, Ltd.) ; “Scientists in 
the Engineering Industry” by Mr. G. S. Bosworth 
(English Electric); ‘Fostering the Scientific Atti- 
tude” by Prof. J. Z. Young (University College, 
London). In the afternoon the chairman will be Mr. 
A. Rodger (Birkbeck College) and the lectures will 
be on: ‘Human Relations and Scientific Method” 
by Miss M. L. Johnson (University College, London) ; 
“Industry and the Artist” by Mr. B. Archer (Central 
School of Arts and Crafts) ; “Teaching Science: the 
Need for Research” by Mr. R. Weatherall (Eton 
College). There will be opportunities for questions 
and discussion. 

Errata. In the communication entitled “Isotopic 
Tracer Method for measurement of Iron lost into and 
re-absorbed from Gastro-intestinal Bleeding Lesions” 
by M. Roche et al. (Nature, 180, 1278 ; 1957), par. 3, 
equation 2 gives the hemoglobin in gm./100 c.c. and 
not mgm./100 c.c. as printed; par. 7, line 4, the 
footnote reference should be 4. 
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HE second in the series of informal symposia 

organized by the Gas Chromatography Discussion 
Group associated with the Institute of Petroleum was 
held in the Organic Chemistry Laboratory, Cambridge, 
on October 4. More than two hundred participants 
attended and four papers were presented. Local 
organization was carried out by Dr. J. H. Purnell. 

After a short welcoming address by Prof. R. G. W. 
Norrish, Dr. A. T. James, chairman of the Discussion 
Group, outlined a new organization for the Group 
which it is hoped to put into effect shortly. This would 
allow a definite membership open to all workers in 
the field, and many of those present indicated their 
interest in the scheme. He also directed attention to 
the Second International Symposium on Gas Chroma- 
tography being arranged by the Group in Amsterdam 
during May. 

Dr. J. J. van Deemter presented an introductory 
paper on column packings and peak sharpness. He 
considered the factors contributing to peak broaden- 
ing in the light of current theories of gas chroma- 
tography and discussed the effects of gas velocity, 
sample size, support particle size and stationary 
phase proportion, on column efficiency. After con- 
sidering the latest form of the van Deemter equation, 
relating the height equivalent to a theoretical plate 
(HETP) and diffusional effects, he pointed out that a 
variation in film thickness on the packing would also 
lead to peak broadening. This effect is probably 
particularly significant when low proportions of 
stationary phase are employed. An _ interesting 
observation was the fact that resistance to mass 
transfer in the liquid phase was not, in all cases, 
dependent on the viscosity of the stationary phase. 
With silicone oils, variation of viscosity over a hundred- 
fold range had little effect on column efficiency. Dr. 
A. J. P. Martin suggested that with linear polymers 
increasing chain length has little effect on the 
diffusivity of small molecules. 

Mr. R. P. W. Scott then presented a paper describ- 
ing an experimental investigation of many of the 
parameters determining column efficiency considered 
by the previous speaker. The hydrogen flame detector 
had been employed with a mixture of 75 per cent 
hydrogen plus 25 per cent nitrogen as carrier gas and 
a single stationary phase Apiezon Oil A supported on 
Johns-Manville C22 insulating brick. An examination 
of columns prepared from brick powders of different 
particle size with a constant proportion (20 per cent 
weight) of stationary phase at 78° C. had shown, as 
would be predicted by the van Deemter theory, that 
the smaller particles are more effective. In addition, 
the imaportance of a narrow particle size distribution 
was demonstrated. The best stationary phase/support 
ratio for short columns a few feet long was found to 
be 20 per cent w/w, but theoretical plates values above 
about 3,000 were best obtained by the use of long 
columns with low proportions of stationary phase, 
that is, 5 per cent w/wand below. Data were given for 
a 25-ft. column having an efficiency of 10,000—12,000 
theoretical plates which would partially resolve 
para- and meta-xylenes on a volatility basis. 

The afternoon session opened with a paper by Mr. 
C. 8. G. Phillips on the use of metal salts as column 
liquids. Copper and zinc stearates and nickel oleate 
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had been examined, the stearates at 156° C. and the 
nickel salt at 97° C. Although with hydrocarbons 
and other non-polar compounds separations were 
similar to that obtained with conventional stationary 
phase liquids, with amines, for example, strong 
co-ordination forces to the metal atoms produced 
new types of separations markedly dependent on 
steric factors. Several thousandfold differences in 
retention times could be obtained in favourable 
cases. Mr. Phillips cited the case of the separation of 
2,6-lutidene and «-, B- and y-picolines. About two 
hundred thousand plates were required to separate 
these compounds, using only their volatility differ- 
ences, but with zinc stearate at 150° C. less than five 
plates are sufficient. The results with these metal-salt 
columns could be related to studies of complex-ion 
formation in aqueous solutions and provide informa. 
tion on complexing equilibria. 

In the last paper Dr. J. H. Purnell put forward, on 
behalf of the Gas Chromatography Discussion Group, 
further recommendations! concerning the presentation 
of gas-liquid chromatographic retention data. It 
was proposed that retention data be presented in one 
of the two following ways, each being adequate 
provided any additional information required for 
interconversion is also given. 

(1) In tables of relative retention times for at least 
two temperatures (so far as is practicable) with, where 
possible, the partition coefficient or specific retention 
volume of the standard solute. A suitable graphical 
method is the plot of logarithm of relative retention 
times versus the reciprocal of the absolute tempera- 
ture. 

(2) In terms of a linear equation relating the 
parameter chosen to temperature, for example, by an 
Antoine equation 


log V4 = Aj(¢+C)+B 


where ¢ = temperature in deg. C. and A, B and C are 
constants. This may be done graphically, but where 
results are numerous and the line represents the 
experimental results with accuracy, the constants of 
the equation (with the temperature limits between 
which it has been found to hold) will allow calcula- 
tion or replotting on a large scale. It is hoped 
that the detailed recommendations will be published 
shortly in Analytical Chemistry. 

Before the meeting closed, the chairman asked Mr. 
McWilliams, a visitor from Australia, to describe 
briefly a new detector he had mentioned earlier in the 
proceedings. This employed a small flame at the exit 
from the column, as in the detector developed by 
R. P. W. Scott, but instead of flame temperature, the 
ionization current between the jet and a positive 
platinum-gauze electrode inserted in the flame was 
measured. Large changes in current occur on intro- 
ducing vapour into the nitrogen/hydrogen mixture 
feeding the flame, and a detection limit of 1 part in 
4 x 10° v/v was claimed. The sensitivity in the units 
proposed at the last meeting* was given as 3 Xx 10° 
mV. ml./mgm. with a noise-level of 0-2 mV. 

D. H. Dresty 


1 Nature, 179, 241 (1957). 
* Nature, 180, 22 (1957). 
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THE BRITISH FLORA IN 1957 


HE investigation of the British flora has passed 

through many phases. The past decade has been 
characterized mainly by concentration on detailed 
studies of individual species, or of small groups, 
making full use of the techniques of ecology, genetics 
and cytology as aids to taxonomy. In addition, 
there has been the detailed study of distribution 
organized by the Distribution Maps Scheme of the 
Botanical Society of the British Isles which has 
received the support of more than three thousand 
helpers. As a result of all this research, it has become 
more evident each year that the flora of the British 
Isles cannot be satisfactorily studied in isolation ; it 
must be considered in relation to the European flora 
of which it forms a part. There has been an in- 
creasing tendency for British workers to make better 
use of Continental research, and to travel abroad to 
study the behaviour of British species overseas. It 
seems likely that this attitude will become the out- 
standing feature of the next phase of the study of 
the British flora, and that with the increased facilities 
of modern travel any remaining insularity will 
disappear. 

It was in the belief that we are on the threshold 
of a change in emphasis, that exhibits on the relation- 
ship of the British to the European flora were a 
special feature of the Annual Exhibition Meeting of 
the Botanical Society of the British Isles on Novem- 
ber 30. This was arranged in the lecture hall of the 
British Museum (Natural History), by kind per- 
mission of the Trustees, and was attended by 360 
members and guests. There were fifty-nine exhibits. 

The exhibit prepared by Prof. T. G. Tutin (Leices- 
ter) under the title of “‘Some Straightforward British 
Plants and their Continental Complexities” showed 
Ranunculus bulbosus, Primula elatior and Helleborus 
viridis. In Britain these provide no taxonomic 
difficulties, but the buttercup, characterized here by 
the swollen stem tuber, produces only a feebly 
developed bulb in the south of France, and no bulb 
at all in Spanish and Italian specimens; while the 
other two species exhibit subspecific variation in 
Europe with differences in habitat, distribution and 
morphology. Prof. D. A. Webb (Dublin) showed 
examples from the Irish flora of species which can 
only be understood by studying their behaviour in 
Spain. Thus, in Ireland, Saxifraga hirsuta hybridizes 
so freely with S. spathularis that it is very difficult 
to find the pure species; but in Spain the two are 
separated geographically, and much better differ- 
entiated ecologically. In Ireland, Erica mackaiana is 
sterile, producing only about one viable seed for 
every thousand flowers, but in Spain it sets seed 
freely but is self-sterile. It seems that both the 
Galway and Donegal populations may consist of a 
single clone. 

Progress and problems of the projected “Flora 
Europea”!, which is expected to include descriptions 
of some 16,000-17,000 kinds of plants, were illus- 
trated by Dr. V. H. Heywood (Liverpool). As exam- 
ples of the difficulties of producing a condensed 
account of complex groups on modern lines, he 
showed series of Anthyllis vulneraria, and the clines 
in Pinus nigra aggr. Both have been the subject of 


voluminous literature; of the former, Jalas has 
published a recent treatment of part of the complex 
based largely on field and herbarium material; on 
the latter, ten papers on nomenclature have appeared 
during the past twenty-five years, but both require 
much work to produce suitable treatments over the 
whole area covered. The compilers of the “Flora 
Europza’”’ have many similar problems to face. 
Among the other exhibits which ccnsidered British 
plants in relation to their distribution or variation 
elsewhere were those provided by Dr. D. E. Coombe 
(Cambridge) on Carex humilis, N. K. B. Robson 
(Kew) on Hypericum maculatum, J. P. Savidge 
(Liverpool) on Callitriche, Dr. S. M. Walters (Cam- 
bridge) on Carex section Distantes, and Dr. E. F. 
Warburg (Oxford) on Sorbus. Fresh flowers and 
fruits from the Riviera were shown by Miss M. 8. 
Campbell. 

During 1957 there have been no important species 
added to the British list, but several very rare ones 
have been found in new localities. The most inter- 
esting of these is Spiranthes romanzoffiana, which was 
found in July on Dartmoor, and v=s exhibited by 
P. C. Hall and Mrs. B. Welch. ‘Tk ’- orchid was not 
previously known from England, and in some respects 
the Dartmoor plant is intermediate between the 
populations found in southern Ireland and those in 
northern Ireland and Scotland. R. A. Graham and 
R. M. Harley exhibited Mentha x piperita var. 
sylvestris from near Brixham, collected by K. Bull in 
1954, as a mint not seen for 150 years. It was 
originally collected near Bath about 1790. Poa 
bulbosa was shown by J. Hodgson from near Fren- 
sham, Surrey. It is the first record of this usually 
maritime grass from the county since 1762, but 
although the new habitat is a suitable one, associa- 
tion with other species known to have been intro- 
duced suggests that the plant is not native here. 

Considerable attention is now being devoted to the 
study of hybrids in the British flora. The old reproach, 
that if a plant proved difficult to name the easy way 
out was to call it a hybrid, is no longer true, and 
botanists are now investigating claims to hybridity 
with painstaking care. The British Museum (Natural 
History) exhibited type specimens of two hybrids 
new to science—Potamogeton x cadburyae, which is 
@ cross between P. crispus and P. lucens, and P. x 
pseudofriesti, which is a cross between P. acutifolius 
and P. friesii. Both were described by J. E. Dandy 
and G. Taylor. An interesting example of a hybrid 
detected in the field was Symphytum peregrinum x 
tuberosum shown from Woodbridge, Suffolk, by E. 
Milne-Redhead (Kew). Synthetic hybrids in Spergu- 
laria were shown by J. A. Ratter (Liverpool). By 
artificial cross-pollination he produced S. bocconi x 
salina and S. salina x rupicola—in both there was 
complete failure to produce fruit, and flowering con- 
tinued throughout the season. Dr. B. A. Hulme 
showed artificially produced hybrids in Atriplex, 
Using A. patula, 2n = 36, A. hastata, 2n = 18, and 
A. littoralis, 2n = 18, as parents, she found that 
there was free crossing between A. patula and A. 
littoralis, but not between A. patula and A. hastata, 
and she was unable to produce A. hastata x littoralis. 








606 


P. M. Benoit had four exhibits of hybrids. Festuca 
rubra X Vulpia myuros was claimed as new to 
science. A single plant was found in Merioneth, 
morphologically intermediate, and completely sterile. 
Cardamine flexuosa x hirsuta he had synthesized, 
making successful crosses in both directions. Myosotis 
caespitosa x scorpoides he found in a marshy meadow 
at Dolgelley in 1956—this is new to the British Isles. 
He also had a very convincing exhibit of the common 
hybrid Senecio aquaticus x jacobaea, which is par- 
tially fertile and very variable and forms complex 
hybrid swarms. Dr. S. M. Walters and Miss A. 
Martin (Cambridge) showed an interesting study of 
Calystegia sepium and C. sylvestris. This was based 
on five populations in and near Cambridge for which 
they had scored measurements of parts of the flowers 
and arran, them on the principle of Anderson’s 
“Hybrid Index”. Both species are markedly incom- 
patible, and small populations usually arise from 
a single clone and therefore set little or’ no seed, 
but seed is set in larger populations or those which 
are heterogeneous. Their analysis showed that 
morphologically intermediate populations of pre- 
sumed hybrid origin occur frequently in the vicinity 
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of Cambridge and presumably arose by cross-fertil- 
ization. 

Two exhibits directed attention to new techniques. 
B. E. Juniper (Oxford) showed replicas of leaf surfaces 
obtained by the use of the electron microscope. These 
included, for example, Oxalis corniculata var. atro- 
purpurea under a magnification of 34,000 linear. 
When the investigation of structures beyond the 
resolution of the light microscope is more advanced, 
new characters may be revealed to assist the work 
of taxonomists. D. E. Bradley exhibited a series of 
flowers of native orchids preserved by an embedding 
technique. After treatment in a colour-preserving 
solution, they were dried and embedded in trans- 
parent blocks of cold-setting ‘Ceemar’ resin. 

Other aspects of British botany were represented 
by further exhibits, but it was clear that the Dis- 
tribution Maps Scheme, the relationship to the 
European flora, and hybrids were the main interests 
of members of the Society in 1957. Progress made 
during the year as demonstrated by the exhibits 
represents a sound contribution to knowledge. 

J. E. Loustry 


1 Turges, N. A., and Heywood, V. H., Nature, 179, 696 (1957). 
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ew annual conference of the Geographical 
Association was held at the London School of 
Economics during December 3l-—January 3. Prof. 
P. W. Bryan, in his presidential address, fascinated 
and impressed a very large audience by a series of 
beautiful coloured photographs and his insistence 
that geographers must deal primarily with the land- 
scape as a whole, including the interrelated parts of 
the physical and the cultural. With the whole land- 
scape as their basis, research workers could then go 
on to a detailed consideration of particular features. 

One of these particular features, the landscape of 
glacial erosion, received detailed treatment by Mr. 
Vaughan Lewis, of Cambridge, in an analysis of the 
recent work done on “Erosion by Cirque and Valley 
tlaciers”. He felt that the most helpful assumption 
now is that frost shatter is most severe in berg- 
schrunds and related features, such as the enclosed 
head-wall gap reached by the upper tunnel dug 
through Vesl-Skautbreen, Jotunheimen, in 1951, 
when melt-water falls on to rock that is still a degree 
or so below the freezing point. This occurs in spring 
or early summer in the few weeks before the tem- 
peratures in the rock, and ice in the neighbourhood 
of the bergschrund, are raised to the freezing point. 

He also considered that if rotation occurs as a 
result of the great downward thrust of an icefall, 
bed abrasion may be increased locally, partly by this 
great downward pressure and probably more effec- 
tively by the higher velocity induced in the deeper 
lower layers of ice in contact with the bed. Ice has 
not sufficient strength to hold very small stones 
firmly enough to do much grinding and gouging of 
the much stronger rock, but if the boulders or blocks 
of rock are large, the ico can drag them past the 
rock with great force and produce correspondingly 
great erosicn.’ If the rock is well jointed, this abrasion, 
coupled with frost shatter wherever low temperatures 
can reach the rock, may account for the bulk of 
glacial erosion. But if the rocks are massive and like 


granites and certain metamorphic rocks consolidated 
under great pressure, then joints may form near the 
surface—the primary ones lying parallel to the 
surface—as a result of the release of pressure on the 
removal of the overlying rocks. The rocks may burst 
upwards, as it were, an action which has been noted 
in certain New England quarries. This action may 
help the recession of the walls bounding valley 
glaciers. It is hoped that Mr. Lewis’s findings may 
be published in full at a later date. 

One aspect of the cultural landscape, namely, 
urban geography, received detailed treatment in 
several lectures and constituted the main theme of 
the conference. Prof. A. E. Smailes, of Queen Mary 
College, London, read a paper on “Urban Studies”’ 
and paid tribute to the pioneer work that had been 
done on spheres of urban influence and in many 
detailed studies of urban morphology. The latter, 
largely based on maps, had greatly added to our 
knowledge of towns, but sometimes the use of a 
two-dimensional map failed to convey the true 
character of an urban area. It could easily ignore 
what Prof. Smailes called ‘the texture’ of a town by 
failing to emphasize the three-dimensional aspect of 
buildings. With a wealth of illustrative matter and 
descriptive detail, he gave examples of various types 
of towns viewed in three dimensions and went on to 
an analysis of the main forms of urban growth in the 
past century. He distinguished, for example, with 
the aid of air photographs, the terrace ribbing 
pattern of much Victorian housing, the villa studding 
of more recent housing, and finally the block clumping 
of flats in modern times. 

Prof. E. W. Gilbert, of Oxford, in a lecture on 
“English Seaside Towns’’, stated that roughly 2} 
million people now lived permanently in these places. 
After describing their diverse origins and present 
functions, he discussed the many lines of research 
on them now proceeding in several universities. He 
made a special plea for more work on the medical 
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geography of resorts, emphasizing that little was 
known of the precise meaning of the ‘bracing’ and 
‘relaxing’ qualities of places and of their exact 
influence on the human body. He felt strongly that 
more attention should be given to descriptive geo- 
graphy and especially to the aspect of towns. He 
urged geographers to analyse the beauty of urban 
and rural scenery and not to be afraid of expressing 
their own subjective feelings. Educated geographical 
opinion should unite to preserve the beauty of both 
coast and seaside Regency buildings. 

Mrs. D. Monteith gave a fascinating account of the 
development of Saffron Walden, showing how the 
main-line railway had avoided the town and had 
greatly impeded its subsequent growth. Later in the 
week, Mrs. Monteith took a party of members to 
Saffron Walden to explain in more detail the methods 
and results of her survey. Dr. A. Garnett gave a 
detailed study of atmospheric pollution as a factor of 
urban geography, and Mr. G. F. A. Wilmot intro- 
duced a different facet by considering the scope of 
railway geography in urban areas and illustrating it 
by a coach tour to examine some aspects of railway 


No. 4609 


NATURE 


607 


development in North London. Prof. Beaver intro- 


duced yet another aspect by analysing the changing 
industrial landscape of Great Britain, emphasizing 


the great part that modern technology _— is 
playing in modifying the effects of industrial- 
ization. 


The teaching side of geography also received suit- 
able attention. A very lively discussion on the effect 
of Ordinary Level examinations on the teaching of 
geography opened the conference, and on the last 
day of the lectures Miss P. M. Jeffery gave a lesson 
showing the follow-up of a field expedition in an 
urban area, and Mrs. I. L. M. Long presented the 
results of the research project into “The Interpreta- 
tion of Geographical Pictures by Secondary School 
Children”’. 

The last day of the conference was devoted to a 
series of excursions which included, in addition to 
the two already mentioned, a tour of the sites of 
London’s former airports, a tour of metropolitan 
Essex, a traverse by coach to Cambridge, and a 
walking expedition to examine the site and function 
of the City of London. R. C. HonEYBONE 


THE NATIONAL PHYSICAL LABORATORY 
REPORT FOR 1956 


HE annual report* for 1956 of the National 

Physical Laboratory, Teddington, gives an 
excellent survey of the fundamental and applied 
research carried out during the year in the nine 
Divisions and Test House of the Laboratory. It 
contains also the report of the Executive Committee 
which was presented to the General Board at its 
meeting on May 23, 1957, the annual open day of the 
Laboratory (see Nature, 180, 166; 1957). 

The Executive met seven times during the year, but 
refrained from taking any major policy decisions 
while changes in the directorship of the Laboratory 
were taking place. Sir Edward Bullard, whose 
resignation as director became effective on December 
31, 1955, was succeeded by Dr. R. L. Smith-Rose, 
who continued as acting-director until September 14, 
1956, when Dr. G. B. B. M. Sutherland assumed his 
appointment as director. The arrangement whereby 
certain members of the Executive Committee form 
panels to visit and report on the scientific divisions 
of the Laboratory was continued, and reports were 
considered during the year from the panels which 
visited the Mathematics, Metallurgy and Physics 
Divisions. Both the chairman of the mathematics 
panel and the superintendent of the Mathematics 
Division made representations to the Committee 
that the supply of trained numerical analysts was 
inadequate to meet the increasing use of high-speed 
computers and that staff was not available in the 
universities to provide for the teaching of numerical 
analysis on an adequate scale. A panel, with Sir 
Charles Darwin as chairman, was therefore set up by 
the Committee, to consider this matter and to advise 
on whether special facilities for the trai of 
numerical analysts should be provided at the Labora- 
tory, in addition to using other means elsewhere. 


* Department of Scientific ang’ Industrial Research. Report of the 
National Physical mew A for 1956. Pp. viii+104+5 plates. 
(London: H.M. Stationery Office, 1957.) 5s. net. 


Two new buildings, one for radiological work and 
the other for low-temperature research, were com- 
pleted during 1956 and occupied by the Physics 
Division. The 24in. x 20 in. high-speed wind tunnel 
in the Aerodynamics Division was put into operation 
and the construction begun of a new workshop on 
the West Aero site and of a new road and entrance to 
the Laboratory from Hampton Road. Good progress 
has been maintained on the new Ship Hydrodynamics 
Laboratory at Feltham and the completion date for 
the whole project is forecast in the report as early 
1959. With regard to future building requirements of 
the Laboratory, it is still required that priority be 
given to the provision of a new library, lecture 
hall and canteen, and accommodation for an 
expanded Control Mechanisms and _ Electronics 
Division. 

Four new booklets, Nos. 13, 14, 15 and 17, in the 
series ‘““Notes on Applied Science’ were published 
during the year, in addition to the proceedings of the 
symposia on “Boundary Layer Effects”, ‘‘Cavitation 
in Hydrodynamics” and ‘Creep and Fracture of 
Metals at High Temperatures”. In the series “Units 
and Standards of Measurement employed at the 
N.P.L.” a new edition of Part 1 (on length, mass, 
time-interval, etc.) and a revised edition of Part 2 
(on light) were issued. Three books, ‘““Mass Spectro- 
meter Researches”, “Tables of Weber Parabolic 
Cylinder Functions” and ‘Wage Accounting by 
Electronic Computer’ were published, of which the 
last mentioned has been so well received that it has 
already been reprinted three times. This work 
consists of the first report of the Interdepartmental 
Study Group on the Application of Computer Tech. 
niques to Clerical Work. Several earlier publications 
have also been reprinted including, in particular, the 
proceedings of the 1953 symposia on “Engineering 
Dimensional Metrology” and on “Automatic Digital 
Computation’’. 
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The work of directing the attention of other 
organizations to the research and development pro- 
ceeding at the Laboratory was extended. The two 
liaison officers paid 145 visits mainly to commercial 
organizations, and about a hundred return visits were 
made to the Laboratory for the interchange of 
information. 114 lectures were given by members 
of the staff of the Laboratory to various scientific 
and similar bodies and 156 scientific articles, details 
of which are given in the report, were published. 
Several items illustrating the work of the Laboratory 
were exhibited at the Physical Society’s annual 
exhibition of scientific instruments and apparatus, 
and at the Factory Equipment Exhibition. In 
addition, demonstrations were given at the Royal 
Society soirée and at conversaziones arranged by the 
Institution of Civil Engineers and the Institution of 
Electrical Engineers. Visitors to the Laboratory 
included three parties of Russians, two of which were 
concerned with aerodynamics ; a delegation of mem- 
bers of the West German Parliament ; and parties of 
senior officials from the Ministry of Pensions and 
National Insurance and from the Treasury in con- 
nexion with the possibility of carrying out pay-roll 
work by digital computer. Thirty-four members of 
the senior staff made official visits overseas—ten to 
North America and twenty-four to countries in 
Europe. The British national copy of the inter- 
national metre was taken to the International 
Bureau of Weights and Measures in Paris and, after 
re-graduation, was re-calibrated at the Bureau 
before its return to the Laboratory in December. 
Details of the visits, together with the names of the 
members of the general board, executive committee, 
Froude Ship Research Sub-committee, the Advisory 
Committee on Radioactive Standards, the Panel on 
Training of Numerical Analysts, and the senior 
members of the staff of the Laboratory are included 
in the annual report. 

The individual reports of the various sections of the 
Laboratory make interesting reading. Most of the 
work of the Aerodynamics Division is concerned with 
fundamental problems in fluid motion related to the 
design and performance of aircraft and guided missiles, 
though a wide range of airflow problems not related to 
aircraft is also tackled. Special attention was paid 
during the year to problems of ‘mixed’ flows at high 
subsonic, transonic and supersonic speeds; to the 
extension of the speed-range covered by the Division’s 
experimental equipment ; to schemes which enable 
aircraft to take off and land vertically or from very 
short runways; and to the measurement of aero- 
dynamic coefficients for oscillatory motion. For 
research on hypersonic flow several new wind tunnels 
that will give various Mach numbers up to 10 and 
operate over a wide range of stagnation pressures 
and at high temperatures, in addition to a shock tube, 
are designed or are being planned. The Division’s 
compressed-air tunnel, stated to be the only equip- 
ment of its kind in Britain, has now completed 25 
years service, but it is still considered a vital piece 
of equipment and its utility has been extended 
recently by improvements and the development of 
new techniques. 

In the Control Mechanisms and _ Electronics 
Division, apart from the constructional work on the 
new automatic computing engine (ACE) and the 
maintenance of DEUCE, a small group has continued 
the study of the application of high-speed computers 
to clerical operations. The report on pay-roll work 
has been published. The Division has completed 
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prototype equipment for automatically reading and 
calibrating telemetry records, and transistor circuits 
are being developed for use in pulse-counting systems. 
The cesium resonator in the Electricity Division 
has been adopted by the Laboratory as its primary 
standard of frequency. The guaranteed accuracy of 
the standard frequency transmissions has been 
quadrupled, and the values of the radiated frequencies 
are now published with an accuracy of one part in 
10%. To permit a new determination of the absolute 
ampere, the current balance is being overhauled and 
fresh measurements of the dimensions of the coils 
are being made. Significant changes in the diameters 
have occurred since 1935. This work is closely linked 
with that on the new standard of inductance, for 
which measurements on the quartz cylinder are being 
made in the Metrology Division. A major item of new 
equipment in the Electrical Division is the million- 
volt transformer for the high-voltage laboratory. 

Research into the properties of the average eye 
has again been the principal fundamental investiga- 
tion of the Light Division. The primary standard of 
luminance was re-established, the final value being 
59-7 candelas/cm.*, 0-5 per cent below the value of 
60 candelas/cm.* prescribed in the definition of the 
candela. Further development took place in the 
making of diffraction gratings and improved methods 
of photometry were worked out to serve the needs 
of the electric-lamp industry. The Mathematics 
Division was able to devote more time to research 
and considerable effort was devoted to the solution 
of differential equations, particularly equations of 
the parabolic type. One result of collaboration with 
universities was the production of a series of pro- 
grammes for DEUCE on the solution of crystallo- 
graphic problems. 

The most interesting result reported by the Metal- 
lurgy Division is the proof, using radioactive phos- 
phorus, of the existence in certain irons of very 
thin grain-boundary films rich in phosphorus, which 
are associated with exceptional weakness and brittle- 
ness under suitable conditions. The possibilities of 
niobium, both as a basis of new alloys and as an 
alloying addition to other metals, are being studied 
and the most sensitive methods examined for the 
determination of very small quantities of impurities 
in metals. The Metrology Division has developed 
equipment, using the pneumatic gauging technique, 
to measure the thickness of thin sheet material to an 
accuracy of + 0-5u on sheet or foil 25-250y thick. 
The value found for the density of mercury at 20° C. 
by weighing the mercury displacement of a 10-kgm. 
cube of tungsten carbide is 13-545892 gm./em.*. The 
error is estimated to be less than 1 part in 10°. 
Preparations are being made for a new absolute 
determination of gravity in order to improve the 
accuracy of pressure measurements with the mercury 
barometer and the precision of determination of the 
ampere by the current balance, and to enable 
magnetic fields, for example those involved in the 
measurement of the gyromagnetic rotation of the 
proton, to be standardized absolutely. The method 
to be used for the gravity measurement involves the 
timing of the free fall of a ball in a vacuum. 

The work of the Physics Division has been ex- 
tremely varied, ranging over heat, acoustics and 
ultrasonics, high pressures and radiology. The 
demand for the supply of liquid helium to other 
laboratories has settled down to about 20 litres per 
week—rather smaller than originally estimated. In 
the Heat Section new equipment to apply the radial 
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heat-flow method to the determination of thermal 
conductivities to temperatures of the order of 1700° C. 
is being installed and in the Temperature Measurement 
Section the investigation of the relative merits of the 
boiling point of sulphur (444-600° C.) and the freezing 
point of zine (419-50° C.) as a primary fixed point is 
continuing. Measurements have been made of the 
elasticity of tiny single crystals such as sapphire and 
diamond, and of the elastic constants of single crystals 
of pure copper, copper-zinc and copper—gallium alloys. 
The Ship Division reports a delay of five to six 
months in the putting in hand of resistance and 
propulsion tests for shipbuilders. The delay is 
because of an increased demand for tests and because 
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of the introduction of the five-day week in the 
Laboratory. The investigation of the effect of various 
structural roughnesses on the behaviour of ships’ 
hulls has yielded some interesting information. For 
small ships the resistance of an all-riveted hull can 
be as much as 10 per cent greater than for an all- 
welded hull, and for larger and faster ships it may be 
as much as 25 per cent greater. 

Finally, the annual report, which is presented in an 
attractive cover and is illustrated, concludes with a 
report of the Test House, indicating the significant 
increase in the variety of precision instruments 


submitted for test to the Laboratory. 
S. WEINTROUB 


UNIVERSITIES OF LATIN AMERICA 


LTHOUGH the nations of Latin America are of 

recent growth they inherit an ancient university 
tradition. Almost as soon as the Spani 
completed the first of their settlements in La Espafola 
(Hispaniola), a Bull issued by Pope Paul III in 1538 
transformed the island’s Dominican college into the 
University of St. Thomas Aquinas. Not long after 
Herman Cortés’s conquest of Mexico and Pizarro’s 
extinction of the Inca Empire in Peru, the Emperor 
Charles V established universities in his two new 
American kingdoms: Mexico City held its first 
classes in 1553 and San Marcos was functioning 
actively by 1578. The oldest Latin American 
universities are coeval with the oldest Scottish 
universities and antedate many famous European 
centres of higher learning. An account of them has 
been given by J. C. J. Metford of the University of 
Bristol (The Universities Review, 30, No. 1, October 
1957). 

As Spanish settlements expanded all over America, 
the Dominicans, Jesuits and Franciscans founded 
schools attached to their monasteries. Before the 
sixteenth century had ended, their colegios were to be 
found in places so far apart as Antigua, on the isthmus 
of Central America, Chuquisaca, in the lofty silver 
mining region of Bolivia, and Cérdoba, in the foot- 
hills of the Andes. There, and in many other centres, 
courses in the arts, grammar, philosophy and theology 
were being delivered almost as soon as the townships 
were marked out in their characteristic grid-iron 
pattern. ‘The colegios grew with the towns, and, in 
the eighteenth century, many colegios were granted 
the status of Royal and Pontifical universities. By 
the end of the colonial period, there was scarcely a 
region of importance in the Spanish American 
Empire without its university, or college, where 
advanced studies could be pursued. 

As in Europe, the universities and colleges of 
Spanish America had their periods of brilliance and 
their times of decline, but, on the whole, they did not 
compare unfavourably with universities in the Old 
World. Although dependent upon endowments, or 
grants from royal, vice-regal or ecclesiastical treas- 
uries, they enjoyed a reasonable measure of inde- 
pendence in the management of their internal 
affairs and in the granting of degrees. Their chief 
function was to train aspirants to the priesthood or 
candidates for higher theological degrees. Science 
was not wholly neglected: mathematics and astro- 
homy were studied, and much work was accomplished 
on the curative plants and herbs known to the Indians. 


From an early date in Mexico City and Lima, there 
were chairs for the study of Indian languages, but the 
intention was to use this knowledge in the evangeliza- 
tion of the aborigines. University teachers were 
drawn chiefly from the ranks of the Dominicans and 
the Jesuits, but, in the eighteenth century, lay 
professors were not unknown. 

Independence from Spain and Portugal caused 
little change in the social structure of the former 
American colonies, except that the wealthy criollo 
minority succeeded to positions which were previously 
the perquisites of peninsular Spaniards and Portu- 
guese. Much lip-service was paid to the catchwords of 
freedom, equality and the pursuit of happiness, but 
little was done towards the realization of these ideals, 
except, to some extent, in the field of education. 
Nurtured in French, North American and British 
radical traditions, the fathers of the revolution 
believed sincerely in the power of education to spread 
enlightenment. The University of Buenos Aires was 
founded in 1821 by men associated with Rivadavia, 
who had corresponded with Jeremy Bentham. Bolivar 
founded the Universities of Cartagena, in Columbia 
and Trufillo, in Peru. His lieutenant, General 
Santander, established the University of Cauca. 
Political upheavals, anarchy, the rise of dictators and 
empty treasuries eventually terminated these ambi- 
tious schemes. Despite men like Andrés Bello, in 
Columbia and Chile, Sarmiento and Alberdi, in 
Argentina, and the Emperor Don Pedro II, in Brazil, 
little was accomplished, so far as universities were 
concerned, until the second half of the nineteenth 
century. 

By that time, some of the major nations—Argen- 
tina, Brazil and Chile—had stabilized their domestic 
affairs and had grown in wealth and importance. 
The need, the means and the will to improve educa- 
tional facilities followed. Institutions of higher 
learning and universities were created in the principal 
States. In Bolivia and Brazil, the tendency was 
to establish degree-granting faculties instead of 
universities. 

The most significant event in the history of the 
modern universities was the reform movement which 
began in Cordoba, Argentina, in 1918. Essentially, 
it was the work of young men, who looked upon 
themselves as the harbingers of the new Latin 
America which would be fundamentally American, 
freed from dependence on Europe and purged of 
inherent abuses. They were all greatly influenced by 
the iconoclasm of the Spanish writer and thinker, 
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Miguel de Unamuno. Much of their educational 
outlook derived from the works of Ortega y Gasset. 
Practical measures were embodied in Argentine law 
between 1919 and 1922. From Argentina, the reform 
movement spread to many other Latin American 
countries and influenced legislation on university 
government especially in Bolivia, Colombia and Cuba. 

The Second World War brought far-reaching 
changes in the life of Latin America which were 
not without their impact on the growth of universi- 
ties. High prices from the belligerents for raw 
materials meant an astronomical increase in national 
wealth. At the same time, attempts were made to 
create locally industries for the production of com- 
modities which had hitherto been imported. To 
fulfil these national and industrial ambitions, a supply 
of university-trained men would be needed. With 
this in mind, some of the more perspicacious govern- 
ments arranged that part of the newly acquired wealth 
should be diverted either to the improvement of 
existing institutions or to the creation of new universi- 
ties. The best examples of this new policy are the 
superlative modern buildings constructed for the 
University of Sio Paulo in the midst of Brazil’s 
rapidly growing industrial area. 

To-day, there is no country in Latin America 
without at least one university. There aro eighty- 
eight throughout the region, although some have only 
two or three faculties and some are little more than 
a loose confederation of otherwise independent 
faculties. The largest institutions, with more than ten 
thousand students each, are the National University 
of Mexico and the Universities of Havana, Buenos 
Aires and La Plata. Argentina has at ieast three 
other universities with between five and ten thousand 
students each, and Uruguay, Chile and Peru one 
university each of comparable size. 

Nearly all of them have important features in 
common—they are part of the State system of educa- 
tion, their powers and functions are carefully pre- 
scribed by law, and they are mostly subject to direct 
interference by the president of the nation, the 
ministry of education, or some governmental 
equivalent. The exceptions are the so-called 
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universidades particulares, or private universities, of 
which the University of Concepcion, Chile, is the 
best secular example. The majority are Roman 
Catholic (for example, Santiago de Chile, Lima, 
Bogota), either concerned with the education of 
priests or founded to preserve the faithful from the 
militant secularism characterizing some of the State 
universities, which were controlled by positivists, 
humanists and others hostile to clerical influences in 
education. A certain measure of government control 
is nevertheless exercised through the State recognition 
of their degrees. 

State control is also clearly seen in finance. Univer- 
sities generally are dependent on the State for practi- 
cally three-quarters of their annual income. 

As in Spain and Portugal, the teacher in Latin 
America, whether at school or university level, enjoys 
a degree of respect, almost veneration, unknown to 
his counterparts in Anglo-Saxon countries, but the 
esteem in which he is held is in inverse proportion to 
the rewards of his profession. University teaching 
therefore becomes a part-time occupation, as few 
men of standing would be content to exist on a 
meagre university salary. Most teachers are profes- 
sional men—lawyers, doctors, engineers, or even 
novelists or journalists—who spare a few hours a day 
for their classes, or perhaps leave them to a trusted 
assistant. 

Most students come from the urban conglomera- 
tions around the university and live at home or with 
relatives. Newly planned campuses now include 
residencias, but these are exceptional. Usually, the 
student has some part-time employment, often 
connected with the profession for which he is prepar- 
ing himself, and, towards the end of his course, he 
may be married, with a young family of his own. 
Lack of continuity often characterizes a student’s 
career, as his cireumstances or predilections change, 
and he may remain a student for a surprisingly long 
time. This, in some measure, explains the high 
enrolment figures announced by some institutions. 
The University of Mexico City thus claims more than 
22,000 students, a high proportion of whom are 
unlikely to be full-time. 


OVERSEAS SERVICE IN BRITISH COLONIAL TERRITORIES 


HE Overseas Service Bill, which received an 

unopposed second reading in the House of 
Commons on January 21, is an enabling Bill to 
implement the policy outlined in the White Paper of 
May 1956 on the Overseas Civil Service. In moving 
the second reading, the Secretary of State for the 
Colonies, Mr. A. Lennox-Boyd, said that formidable 
difficulties had been encountered in the proposed 
policy for a central register and pool, particularly in 
guaranteeing a continuing career, that is, a succession 
of jobs of ascending importance and level of respons- 
ibility for an officer recruited into the central pool 
initially for a particular job in a particular territory. 
On March 26, 1957, the Lord Privy Seal had an- 
nounced that the creation of a pool of administrative 
and technical officers must await evidence of sub- 
stantial dumand for their services and that regular 
employment for them could be foreseen for several 
years. Meanwhile, Clauses 2 and 3 of the Bill pro- 
vided for the making of Orders to govern pensions 


earned while in the Overseas Service and for the 
preservation of pension rights already acquired. 
When the Bill became law the Governments of the 
Colonies would be asked to enact comparable legis- 
lation. Clause 4 contained special provisions relating 
to police officers and Clause 6 covered the appoint- 
ment of officers to a wide variety of public services 
under overseas Governments, municipal or local 
authorities or public corporations or to any Federal 
Government or outside authority such as the East 
African High Commission. 

Mr. Lennox Boyd said that at the constitutional 
conference last June he had signed agreements for 
special lists with the four Nigerian Governments but so 
far only about 120 out of the 2,000 eligible pension- 
able officers in the service of these Governments had 
applied to join. Sir John Martin was in Nigeria 
examining the position, and the application of the 
special list procedure was the subject of current 
negotiations with the Government of Malaya. In 
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conclusion, Mr. Lennox Boyd said that, in 1957, 
1,689 officers were selected for appointment to the 
administrative or professional branches compared 
with 1,467 in 1956, and of these, 284, mostly on 
contract, were to Nigeria. “Mr. Lennox-Boyd and 
other speakers paid warm tribute to the work, the 
loyalty, the efficiency, the integrity and the quality 
of the Overseas Service. In replying to the debate, 
he added that, although there was a substantial gap 
between demand and supply, we were recruiting at 
four times the pre-war rate over the whole field. At 
the end of 1957 there were 130 vacancies in adminis- 
tration and 1,384 in all branches, compared with 
170 and 1,456, respectively, in 1956, and the pro- 
portion of vacancies to the total number of overseas 
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officers in the service was now about 7 per cent. In 
Ghana, about 400 officers, or 50 per cent of those 
entitled to compensation, had retired since July 1955. 
Mr. Lennox-Boyd defended the Government’s policy 
in regard to compensation as holding a reasonable 
balance between justice to those officers who wished 
to retire and the duty to try to induce them to stay. 
He explained that the recruitment and employment 
of experts under the technical co-operation scheme 
were covered by administrative action and it was not 
intended to change this procedure. _ Foreign Office 
appointments to South East Asia Treaty Organization 
posts were normally filled by secondment, but if a 
person from the Overseas Civil Service were recruited 
the provisions of the Bill could be applied if necessary. 


MANAGEMENT TRAINING 


N the fourth Graham Clark Lecture to the In- 

stitution of Civil Engineers on December 17, on 
“The Engineer and Management’, Sir Ewart Smith 
said that while science and its practical applications 
through engineering and chemical technology had 
shown that we were potentially able to meet any 
standard of national welfare mankind could desire, 
subject to some limit to world population with regard 
to natural resources, the rate of advance in science 
and technology was not being matched by progress 
in our ability to control and manage. Sir Ewart sug- 
gested that this might be due to our neglect in 
human affairs and organization of the guiding prin- 
ciples of simplicity, symmetry (or balance) and 
continuity. More research, better analysis and far 
better teaching in management subjects were needed, 
and it did not seem to be appreciated that the very 
growth of complexity and specialization increased 
the need to train with great care those who will 
have the responsibility of training the specialists. 

Discussing selection and training for management, 
Sir Ewart emphasized the importance of regular, 
multiple and independent assessments of ability to 
men and management alike. Far too much weight 
was often placed on written examinations during the 
period of formal training, and in industry there was 
usually little systematic study of people to assess 
their potential and the best lines for their develop- 
ment. A main responsibility of the highest manage- 
ment should be to pick its own potential successors 


and to train them with the utmost care, from the 
early years of service, and Sir Ewart welcomed 
recent discussion on the general content of educa- 
tional courses ; it should be a question of how science 
and the humanities could be reunited in everyone 
who claimed to be reasonably educated, and he 
thought that the main change had to take place in 
the schools rather than in the universities. It was a 
mistake to think that three years was still an adequate 
period for a full university course in scientific and 
technological subjects, and Britain was almost 
unique among the great nations in its failure to 
make the changes in this respect which modern 
conditions demanded. More time should be spent in 
teaching people how to use knowledge, and where 
they could find it in codified form when they required 
it in their working life. Good education, moreover, 
depended primarily on good teachers and relatively 
little on buildings and equipment. Emphasizing the 
importance of the engineer in management, Sir 
Ewart suggested that the main reason for our failure 
to utilize their services here has been the present 
acute shortage of technologists, which tends to confine 
them to specialist work. There was no reason to 
suppose that the incidence of natural ability, 
initiative and enthusiasm had diminished, but for 
Britain to attain her full economic strength the 
engineer must play a full part in leadership and in 
developing the most effective forms of organization 
and methods of management for a changing world. 


THE LINNAEUS TRADITION AND OUR TIME 


N his presidential address to the Swedish Academy 


on December 20, Mr. Dag Hammarskjéld took as - 


his subject ‘“The Linnaeus Tradition and our Time”. 
He considered Linnaeus’s contribution towards the 
development of values which it is the task of the 
Academy to safeguard. Freshness and precision, 
enthusiasm without lyricism, an instinctive eye for 
meaning and causality raised the great travel 
accounts and his other Swedish writings far above 
the criticism he himself foresaw, and enriched his 
country’s literature by values as essential to our 
emotions as the Nature they mirror. Nevertheless, 





his style would scarcely have found its freshness had 
he not been guided by his sense for the striking and 
for the unexpected associations of humour. Lin- 
naeus’s Swedish works are perhaps read to an 
increasing extent even outside the circle of 
experts. 

The relationship of a nation—and a generation— 
to older literature tells something about the con- 
tinuity of spiritual life. Outside the limits of belles 
lettres, the works of Linnaeus occupy a place of their 
own in Sweden, whereas other books which have 
much to offer are neglected. 
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One possible reason for the estrangement from the 
past is disquieting. In a mass culture, where pub- 
licity, working in the interest of sales, is constantly 
harping on the idea that the latest must be best, 
books are often relegated to the ranks of disposable 
and rapidly ageing consumer goods, which may lead 
to an industrialization of literature. The risk is 
enhanced when, at the same time, the position of 
the written work is becoming more precarious by 
reason of new forms of expression and soenmnmmlention 
—films, radio, television. 

We are faced with the question of intellectual 
climate and what determines it. The present has 
given unusual weight to material progress ; it is also 
influenced by political factors. Europe has lost much 
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of the powerful position she occupied for centuries 
and a wave of nationalism has swept the continents. 
If she understands how to maintain and develop the 
values which are the foundation of her spiritual 
greatness she can still maintain a place worthy of 
her traditions. 

When Linnaeus received tempting offers to remain 
in Holland he declined because “‘a higher urge pulled 
him towards his Fatherland”. The scholar, however, 
knew no national frontiers. He was a European, and, 
as a European, a citizen of the world. Much has 
changed, but it is still possible to balance and recon- 
cile home and world, heritage and task, in this 
manner. This can provide an answer to even larger 
problems than those of the individual. 


STRESS IN HYPOTHERMIA 


By H. S. SAMULI SARAJAS, PAULA NYHOLM and PAAVO SUOMALAINEN 
Zoological Institute, University of Helsinki 


HE induction of hypothermia in homoiotherms 

consists essentially in a suppression of the 
thermoregulatory defence by anesthetics followed by 
intense cooling of the body. While cold stimulus in 
unanzsthetized homoiotherms inevitably evokes a 
general stress response’, there is a considerable degree 
of controversy as to whether or not hypothermia 
involves stress. Cha in the amount and dis- 
tribution of the adrenal cortical lipids suggestive of 
stress have been reported to result from hypothermia 
of a few hours duration in dogs*. On the other hand, 
the recent observations that the adrenal venous blood 
output of 17-hydroxycorticoids is decreased in hypo- 
thermic subjects*.‘, while the peripheral serum-levels® 
and urinary excretion® of the adrenal cortical steroids 
remain substantially unaltered, have been interpreted 
as indicating that there is no actual stress response 
to hypothermia. 

The present study was undertaken to elucidate the 
stress response in dogs subjected to graded hypo- 
thermia, with or without subsequent rewarming. 
Thirty-five dogs, apparently healthy and ‘unstressed’ 
individuals, were anesthetized with pentobarbitone, 
either alone or in combination-with diethyl ether, or 
nitrous oxide-oxygen and D-tubocurarine. Some of 
the dogs were subjected to minor vascular surgical 
procedures prior to cooling. The dogs were cooled in 
an ice bath (4-8° C.). With a few exceptions, pul- 
monary ventilation was assisted during cooling and 
hypothermia. Rewarming was accomplished in a 
warm bath (about 40° C.). Changes in the amount 
and distribution of the sudanophilic adrenal cortical 
lipids and in the white blood picture were used as 
methods of computing the stress response. 

In all but four of these thirty-five dogs there was 
evidence suggestive of stress response, so far as could 
be judged from the adrenal cortical lipid patterns. 
In eight dogs there was lipid depletion particularly 
in the zona fasciculata and zona reticularis, which is 
indicative of the alarm reaction’. In twelve dogs an 
increase of lipids throughout the whole adrenal cortex 
characteristic of the stage of resistance! was apparent. 
In ten dogs the adrenal cortical lipid patterns were 
suggestive of transitory stages between the normal 
state and the of alarm reaction, on one hand, 
and those between the alarm reaction and the stage 
of resistance, on the other. In one dog, signs of 


alarm reaction bordering on the stage of exhaustion 
were apparent. 

The dogs that did not show an adrenal cortical 
response had been anzsthetized with pentobarbitone 
alone and then cooled, without assisting ventilation, 
until death ensued (at 20-3—25-3° C.) after 2-4 hr. 
However, all the other dogs anesthetized with pento- 
barbitone in combination with ether, or nitrous 
oxide—oxygen and curare, and then cooled until death 
(at 14-0-33-5° C.) within the same, a somewhat 
longer, or an even shorter period, showed a definite 
adrenal cortical response varying from an early 
alarm reaction to an early stage of exhaustion. The 
actual degree of cortical response did not appear to 
be influenced by variables in the mode of respiration. 
Nor could any clear-cut aggravation of the response 
be detected in the dogs that had been subjected to 
minor vascular surgery prior to cooling. The dogs 
that had been anesthetized with pentobarbitone in 
combination with nitrous oxide—oxygen and curare 
showed evidence of a progression of the cortical 
response in accord with an increase in the cooling 
period, whereas in the dogs in which ether had been 
used as a supplementary anesthetic such a cor- 
relation was less evident. In one series of experiments 
the dogs were kept for 4 hr. near body temperatures 
of 22-0° and 27-0° C. and then killed. In another 
series the dogs were kept for 2-6 hr. at a body tem- 
perature of about 22-0° C., rewarmed and then killed 
at the termination of rewarming, or 3-7 days there- 
after. Pentobarbitone supplemented with ether had 
been used for anzsthesia in these experiments. The 
terminal pattern of the adrenal cortical lipids in all 
these experiments was indicative of stress. Sur- 
prisingly, however, the cortical responses were of the 
same variable degree as those in the acute experi- 
ments ending in death. 

The behaviour of the white blood picture during 
cooling, with or without subsequent rewarming, was 
followed in twelve dogs. Cooling resulted in a pro- 
gressive fall in the total leucocyte count, averaging 
from 12,870 per mm.* (at 37-5° C.) to 4,508 per mm.° 
(at 21-0° C.); but the relative counts of eosinophils, 
lymphocytes and other types of leucocytes remained 
substantially unaltered. In the stable period of 
hypothermia (at about 22-0° C.) lasting up to 6 hr., 
the white blood picture remained essentially station- 
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ary. Accordingly, during cooling the counts of 
eosinophils and lymphocytes did fall in proportion to 
the drop in the total leucocyte count. Since, on the 
other hand, no further changes could be found in 
the stable period of hypothermia, it is doubtful 
whether these hematological changes could be pro- 
perly interpreted to imply that stress was present. 
Nevertheless, in the same dogs, after cooling periods 
of i duration, the stress response became 
clearly demonstrable by the adrenal cortical lipid 
assay. On rewarming, the white blood picture 
initially showed a trend to normalization. In the 
late rewarming period (at 35-0° C.), however, neutro- 
philic leucocytosis (averaging 15,400 per mm.*) with 
both relative and absolute eosinop#nia and lympho- 
peenia became apparent. These hematological changes 
ensuing in the late rewarming period may be regarded 
as strictly indicative of stress'. The same dogs, when 
killed at the termination of rewarming, showed a 
definite stress response as estimated from the adrenal 
cortical lipid patterns. 

Summarizing, the present results, supported by 
some earlier observations’, strongly suggest that the 
induction of hypothermia evokes a general stress 
response. It became evident, however, that this 
response is not inevitable, but is largely influenced 
by the anzsthetics used to assist the induction of 
hypothermia. Barbiturates, for example, appeared 
to inhibit the stress response to cooling. The stress 
manifestations were particularly evident at the ter- 
mination of rewarming and persisted for several days 
thereafter. 

The recent claims that hypothermia does not 
involve stress are based on observations that the 
adrenal venous blood output of the adrenal cortical 
steroids is decreased by hypothermia*.‘, while their 
peripheral serum-levels’ and urinary excretion® 
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remain unchanged. In view of the fact that hypo- 
thermia is known to be accompanied by profound 
changes in metabolic activity, circulatory dynamics 
and renal function, it may be questioned whether 
the assays mentioned afford a true picture of 
the situation in the particular experimental con- 


ditions of hypothermia. It may be recalled that 
even in the present experiments, in which the 
experimental variables were the same as in the afore- 
mentioned studies, there was no definite hemato- 
logical evidence of stress during cooling and hypo- 
thermia, although at the same time the stress response 
was clearly demonstrable by the adrenal cortical 
lipid assay. Moreover, it has been found that after 
rewarming, when the metabolic, circulatory and other 
physiological functions are restored, a rise may occur 
in the adrenal venous blood output‘ and peripheral 
serum-levels® of the adrenal cortical steroids. Finally, 
the pathological changes found in the present’.® and 
later? experiments on hypothermia are essentially 
similar to those seen in states of acute severe stress 
of varying origin},®. 

The present results will be described and discussed 
in detail elsewhere. 


1 Selye, H., “The Physiology and Pathology of Exposure to Stress” 
(Acta, Inc., Montreal, 1950). 

* Knocker, Phyllis, Lancet, ii, 837 (1955). 
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EFFECT ON RADIOSENSITIVITY OF INERT GASES 


Effect of Inert Gases on Oxygen-dependent 
Radiosensitivity 


IKE many other tissues, the meristem of the 
main root of the broad bean seedling (Vicia faba) 
is two to three times more sensitive to X-rays in the 
presence of oxygen than in its absence. In the 
experiments to be described, the measure of radio- 
sensitivity is the reduction in growth-rate of the 
root, which is believed to be due predominantly 
to death of the cell following upon chromosome 
damage. There is no qualitative difference in the 
damage caused by irradiation in the presence or in 
the absence of oxygen, the oxygenated condition 
acting as a simple multiplying factor upon dose’. 
We have found that if inert gases are added to the 
air in which bean roots are exposed to X-rays, the 
sensitivity of the roots decreases until at sufficient 
concentration of the inert gas it reaches the anoxic 
level. We have not observed any effect of the gases 
on the radiosensitivity of roots in the absence of 
oxygen. Similar results have been obtained with 
cells of the Ehrlich ascites tumour of the mouse 
radiated in vitro. We conclude that inert gases at 
high concentration can displace oxygen from sites 
within cells at which oxygen molecules can increase 


radiosensitivity, and that this phenomenon occurs 
in cells of wide:y different kinds. 

Bean roots. The pressure vessel and the procedure 
used in the treatment of bean roots, and some of 
the results, have been described*. 190-kV. X-rays 
at 6 m.amp. were used at a dose-rate of 1-84 r./sec. 
Filtration was 1 mm. copper, 0-5 mm. aluminium 
and 3 mm. mild steel. Gas pressures up to 120 atm. 
had at most only slight and transient effects on the 
roots, and did not affect radiosensitivity if applied 
before or after exposure to radiation. Hydrostatic 
pressure of 105 atm. was also not in itself damaging, 
and was without effect on radiosensitivity, as observed 
for yeast cells by Burns*. 

Irradiated roots showed a reduced growth-rate 
which reached a minimum six to nine days after 
exposure. The minimum growth-rate, compared with 
appropriate controls, was taken as a measure of 
radiation damage‘. To provide an estimate of 


relative sensitivity in different gases, we established 
a dose-effect curve for irradiation in air at 1 atm. 
The curve was found to be linear over the useful 
range, that is, 40-150 r., and was described by the 

equation : 
minimum growth rate = 167 — 1-49 x dose in 
réntgens 
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5 atm. reduces sensitivity to the 
anoxic level, whereas nitrogen must 
be present at 21 atm. to be equally 
effective. Hydrogen and helium are 
much less effective. To give a com- 
parison of the effectiveness of the 
different gases, Table 1 shows the 
pressure required to reduce the rela- 
tive sensitivity to 1-85, that is, the 
part of the effect dependent upon 
‘ oxygen to one half. The values were 
derived by linear interpolation and 
are approximate. 

When relative sensitivity is plotted 
against the ratio of the partial press- 
ures of oxygen to nitrogen (Fig. 2), 
radiosensitivities for all treatments in 
: which the partial pressure of oxygen 
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Pressure (atm.) added to 1 atm. of air 
Fig. 1. X-ray sensitivity of bean roots irradiated in 1 atm, air plus other gases. 


Abscisse : pressure of added gasin atmospheres. Ordinates: relat 








Fe AE (pO;,) was 0-2 atm. or more lie on a 
smooth curve. For one observation 
made at pO, = 0:07 atm. (total 
pressure 1 atm.), however, the rela- 
tive radiosensitivity did not fall on 
this curve but was much lower. These 
results suggest an adsorption phe- 
nomenon in which nitrogen displaces 

Et oxygen from a specific site. The 
a second observation demonstrates the 
limiting condition in which the partial 
pressure of oxygen is small compared 
with that required to saturate the 
adsorbing site. 

In Fig. 2 are plotted also the re- 
sults obtained by Kihlman’ for 
chromosome aberrations induced in 
bean roots by X-rays at various 
oxygen tensions: the values have 
been scaled down to a total oxygen 
effect of 2-69 for the purpose of 
this comparison. Kihlman bubbled 
through the vessel before and during 
irradiation a stream of gas of the 


ive radiosensitivity 
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Fig. 2. Radiosensitivity of bean roots as a function of the ratio of oxygen to nitrogen. 
ead ( A, present observations at 0-2 atm. 
B, present observations at 


O, B. A. Kihlman (1955); x, J. 
oxygen ; @, present observations at 1 or 2 atm. oxygen; 
0-07 atm. oxygen 


From this equation we calculated the dose in air, 
D4, required to give an effect equal to that produced 
by dose D in any set of experimental conditions, and 
the ratio D4/D gave the sensitivity relative to that 
in air. In order to express this in terms of the 
anoxic sensitivity, the ratio D4/D was multiplied by 
the factor 2-69, since the effectiveness of a given 
dose was observed to be 2-69 times smaller in anoxic 
conditions (or in air plus high pressures of nitrogen 
or argon) than in air, in agreement with results of 
Read'. Thus ‘relative sensitivity’ is defined as 
D,4/D x 2-69. The standard errors of the relative 
sensitivity values shown in the accompanying figures 
were estimated from the standard errors (in terms 
of dose) of the experimental observations, and the 
overall error (+ 2-64r.) in the air dose-effect curve. 

We have studied the action of hydrogen, helium, 
nitrogen, urgon, krypton and xenon, the effect of all 
of which is qualitatively the same. In Fig. 1, relative 
sensitivity is plotted against the pressure of gas 
added to 1 atm. of air. It can be seen that argon at 


desired oxygen/nitrogen mixture at 
1 atm. Our observation at pO, = 
0-07 atm. gave a value close to Kihl- 
man’s curve ; this is less steep than 
ours at pO, = 0:2, and more steep 
than that obtained by Read!, who 
irradiated roots in closed vessels in 
which the oxygen tension had been 
previously adjusted to a desired level. Read’s paper 
contains a discussion of the extent to which the water 
surrounding the roots must have become deoxygen- 
ated through oxygen consumption before and during 
irradiation. We think that the differences between 
the three sets of observations shown in Fig. 2 are 
satisfactorily explained by differences in the amount 
of oxygen present. ae 
These considerations indicate that radiosensitivity 
is a function of oxygen/nitrogen ratio only when 


0-6 


Table 1. EFFECTIVENESS OF VARIOUS GASES IN REDUCING THE 
OXYGEN-DEPENDENT RADIOSENSITIVITY OF Vicia faba ROOTS 











Pressure in atm. for Partition coefficient | 
Gas 50 per cent effect lipid/water (ref. 12) 

| | 

Helium 55 | 1-7 (37° C.) 
Hydrogen 55 2-3 (22° C.) 

Nitrogen 12°5 3-5 (22° C.) | 

n 2 4-0 (22° g | 

Krypton 2 7-5 (22° C. 
Xenon 1-1 14°5 (22° C.) 
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sufficient oxygen is present throughout the root to 
confer full sensitivity, and that oxygen-dependent 
sensitivity is determined by the absolute amount of 
oxygen present in the cell or some part of it. This 
amount can be reduced by lowering the oxygen 
tension at the cell, or by displacing the oxygen from 
a site within the cell by a sufficient concentration 
of another gas. 

Oxygen is supplied to the root tip by diffusion 
through the gas spaces in the root and through the 
liquid layers surrounding the root and the meristema- 
tic cells. Diffusion of gases through the liquid phase 
is not appreciably influenced by pressures of a few 
hundred atmospheres. On the other hand, the diffu- 
sion-rate of one gas through another is inversely 
proportional to the total pressure. The calculated 
diffusion constants of oxygen at 0-2 atm. differ 
according to the identity of the other gas present : 
these differences are not, however, in the same 
sequence as that of the effectiveness of other gases in 
reducing oxygen-dependent sensitivity®. It is thus 
very unlikely that the inert gases act by reducing the 
rate at which oxygen moves through liquid or gaseous 
intercellular spaces in the root. It appears that they 
must act at the cellular level. 

Tumour cells of the mouse. To test this point and 
to extend our observations to other material, we 
carried out experiments with suspensions of mouse 
Ehrlich ascites tumour cells. Six days after mice 
had been inoculated, ascitic fluid was collected and 
stored in crushed ice. Samples were irradiated as a 
layer 2 mm. deep in flat ‘Polythene’ dishes within a 
pressure vessel, after being exposed to the chosen 
gas mixture for 20 min. with stirring. Gas equili- 
bration and irradiation were carried out at.0—2° C. 
to reduce the oxygen consumption of the cells and 
so avoid the depletion of oxygen which would other- 
wise occur in the deeper cell layers during irradiation. 
(In a control experiment we measured the time 
required by washed ascites cell suspensions in a 
potassium phosphate buffer (pH 7-2) to reduce 
added hemoglobin, and found that the utilization of 
oxygen at 0°-2° C. is at least twenty times slower 
than at 20° C.) The irradiated cells were inoculated 
into fresh hosts (0-2 ml. intraperitoneally), the 
hosts were killed after 18 hr. and the tumour cells 
fixed in acetic acid-ethanol (1:3 v/v). Four different 
doses of X-rays were given with each gas mixture 
investigated. The fraction of normal anaphases was 
an exponential function of the dose. The exponent 
was determined from at least six samples of 200-300 
anaphases each. The best fit for the exponential 
function was calculated using the formula given by 
Lea and Catcheside’. The ratio of the doses required 
to reduce the fraction of normal anaphases to the 
arbitrary value of 10-1/* was used to calculate the 
radiosensitivity under different treatments. The 
results (Table 2) showed that when cells were irra- 
diated in the presence of a partial pressure of 
0-2 atm. oxygen, the oxygen-dependent part of the 
radiosensitivity was reduced to 54 per cent by the 
addition of 110 atm. of hydrogen, and to 38 per 
cent by 110 atm. of nitrogen ; with 21 atm. of argon 
the radiosensitivity was the same as that of cells 
irradiated in anoxic conditions. 

Bacteria. A preliminary experiment with Shigella 
flecneri Y6R (carried out in collaboration with 
Miss Tikvah Alper) showed that argon was more 
effective than nitrogen in reducing the oxygen- 
dependent part of the radiosensitivity of this organ- 
ism. It was, however, necessary to use 0-01 atm. 
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Table 2. EFFECT OF GASES ON THE RADIOSENSITIVITY OF EHRLICH 
ASCITES TUMOUR CELLS 


























Dose in r. to 
Experi- | Gas mixture pressure | reduce normal Relative 
ment in atm. anap to sensitivity 
| 31-6 per cent 
I No air + 93 nitrogen 768 + 32 10 +0-04 
I No air + 100 hydrogen 798 + 36 0-96 + 0-06 
I 1 air + 110 hydrogen 418412 | 1:834+4+0-05 
I 1 air + 110 nitrogen 595 + 27 1-29 + 0-06 
I air 225 + 15 3°40 + 0-08 
| Il No air + 100 nitrogen 680 + 18 1-00 + 0-03 
ie ae 1 air + 21 argon 705 + 30 0-97 + 0-05 
i 





partial pressure of oxygen (sufficient to confer 95 per 
cent of the oxygen-dependent sensitivity*®) and much 
higher ratios of argon or nitrogen to oxygen than 
were required to give the same effect in bean roots. 

Effect on oxygen consumption. It was of interest 
to establish whether the effect of inert gases could 
be explained either by an increased rate of utilization 
of oxygen or by interference with the free passage of 
oxygen through the cell membrane. We therefore 
examined the rate of utilization of oxygen by Ehrlich 
ascites or by bacterial cells when exposed to 1 atm. 
of air plus 20 atm. of either nitrogen or argon. 
Washed suspensions of cells, at pH 7-5, were put 
into two identical ‘Perspex’ pressure vessels, with 
hemoglobin as an oxygen indicator. One vessel 
served as control, and to the other was added either 
20 atm. of nitrogen or 20 atm. of argon, and both 
vessels were shaken gently. The time taken for 
reduction of the hemoglobin, as observed by hand 
spectroscope, afforded an estimate of the rate 
of utilization of oxygen by the cells to an accuracy 
of approximately + 15 per cent. It was found 
for both Ehrlich ascites tumour cells and for 
Shigella that the rate of utilization of oxygen was 
influenced neither by nitrogen nor by argon at 
pressures at which these gases affected oxygen- 
dependent radiosensitivity. It was concluded that 
oxygen must have been present inside the cells under 
our experimental conditions, and that the protective 
effect of the inert gases was not due to a greatly 
enhanced utilization of oxygen. The evidence 
therefore suggests very strongly that the inert gases 
act intracellularly. 

Conclusion. We may postulate that specific and 
finite sites exist within the cell at which oxygen must 
be present to confer oxygen-dependent sensitivity, 
and that inert gases can displace oxygen from these 
sites. That oxygen and the other gases compete for 
the same sites is indicated by the experimental 
finding with bean roots that sensitivity is governed 
by the ratio of oxygen to the other gas provided that 
the partial pressure of oxygen is sufficient to guarantee 
saturation of the site. Furthermore, when the 
oxygen effect was blocked by one gas (20 atm. of 
nitrogen), the addition of an excess of another 
protecting gas (100 atm. of argon) did not further 
reduce the radiosensitivity. This result suggests one 
mechanism for both gases, and is consistent with a 
displacement adsorption phenomenon at a defined 
site. 

Some inert gases are known to be anzsthetic, and 
many years ago it was postulated that this property 
is related to their lipid-water partition coefficients®. 
Table 1 shows that a parallel exists also between 
these coefficients and the effectiveness of the gases 
in reducing radiosensitivity in bean roots. The appar- 
ent discrepancy between the very different effective- 
ness of nitrogen and argon and their rather similar 
partition coefficients may perhaps be explained by the 
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fact that argon is approximately twice as soluble as 

nitrogen both in water and in lipid. 

The relationship with anzsthetic effect led us to 
test the commonly used anzsthetic gas cyclopropane : 
we found that, at 2 atm. added to 1 atm. of air, it 
blocked the oxygen-dependent sensitivity of bean 
roots by about 50 per cent. Cyclopropane is 34-4 
times more soluble’® in olive oil than in water at 
37° C. 

The parallel shown in Table 1 suggests that the site 
from which oxygen is displaced may be associated 
with some lipid-like material in the cell. We know 
from the unchanged rate of utilization of oxygen 
under 20 atm. of nitrogen and argon that the site is 
unlikely to be one of the main cytoplasmic organelles 
which utilize oxygen. Read has shown (below) that 
the damage caused in bean roots by 8-ethoxycaffeine, 
which is known to be dependent on an intact res- 
piratory mechanism", is not influenced by argon ; 
this is a further indication that the inert gases do 
not interfere with this mechanism. The site of 
action of inert gases may be a lipid-water interface 
or an area or volume in the lipid fraction of the cell. 
Since the type of radiation damage which we have 
been measuring is expressed in the nucleus, and is 
believed to be the result of energy absorbed there, 
the site may well be within the nucleus or associated 
with the nuclear membrane. 

We wish to thank Mr. Paul Murfin for his technical 
help throughout these experiments. 
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Effect of a Combined Treatment with 
8-Ethoxycaffeine and Argon on the Roots of 
Vicia faba 


Ir roots of Vicia faba aro irradiated with X-rays 
when in the normal state of aeration, they are much 
more sensitive than they are when no oxygen is 
present. To produce the same damage in the absence 
of oxygen we must increase the dose by a factor’ of 
almost 3. Ebert, Hornsey and Howard have shown 
(preceding communication) that if a sufficiently large 

of an inert gas is added to the normal 
atmosphere in which the roots are irradiated, the 
corresponds to the anzrobic sensitivity, 
although the normal amount of oxygen is present in 
the gas phase. 
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The influence of oxygen on the X-ray sensitivity 
of the roots has a parallel in its influence on their 


sensitivity to 8-ethoxycaffeine. Kihlman? first 
showed that if Allium roots were immersed in an 
erated 8-ethoxycaffeine solution for a few hours, 
chromosome aberrations were produced, but if the 
solution was free from oxygen there was virtually none. 
Later® he obtained the same result with Vicia faba 
roots. Read and Kihlman‘ then showed that a 
marked reduction in growth also occurred after a 
treatment in an erated solution at 10° C., but if the 
solution was free from oxygen there was no detectable 
effect. In these cases, therefore, the influence of 
oxygen is more marked than when X-rays are used 
since the reduction is to zero instead of to approxi- 
mately one-third. 

The question naturally arises whether an added 
pressure of one of the inert gases will abolish the 
influence of oxygen on the action of 8-ethoxycaffeine, 
as it does in the case of X-rays. This has been tested 
in the same high-pressure chamber as was used by 
Ebert, Hornsey and Howard. It was arranged 
vertically with the top cover removed. Into it 200 c.c. 
of 7 x 10-* M 8-ethoxycaffeine solution chilled to 
near 0° C. was poured, and a group of nine roots was 
put into the top end so that they did not reach to the 
level of the solution. The top cover was bolted on 
and 5 atm. pressure of argon was slowly added to the 
normal atmosphere in the chamber. The chamber 
was then placed in a rocking cradle immersed in a 
trough of water kept at 10° C., and the treatment 
was commenced by tipping it so that the solution 
flooded over the roots on its way to the lower end. 
The tipping was continued at intervals of a minute so 
that the roots were alternately wetted by the solution 
and exposed to the gas pressure. After four hours 
the chamber was removed with the solution drained 
to the end remote from the roots. The pressure was 
slowly released, the end cover removed, and the roots 
extracted. They were rinsed under the cold tap 
and returned to the culture tank. 

Other groups of roots were exposed in a similar 
manner: (a) to 200 c.c. of the same solution without 
the addition of the argon pressure; (b) to 200 c.c. 
of tap water with the addition of 5 atm. pressure of 
argon, and (c) to 200 c.c. of water without the argon 
pressure. 

The mean growth-rates of these groups of roots 
have been expressed as percentages of the mean 
growth-rate of a similar untreated group which 
co-existed in the culture tank. They are plotted in 
Fig. 1 against time before and after treatment, which 
occurred at time zero on the abscissa scale. Roots 
exposed in water without added argon showed a 
check in growth only on the day of treatment, due 
partly to the handling and partly to the four hours 
at low temperature (10° C.). Roots exposed to the 
5 atm. pressure of argon while intermittently flooded 
with water were more affected, but they had recovered 
their normal growth-rate after 3-4 days. Ebert, 
Hornsey and Howard subjected their roots to pressure 
for periods of only 15-30 min. compared with 4 hr. 
here, so that it is understandable that they observed 
no harmful effect unless X-rays were also used. On 
both occasions when the ethoxycaffeine solution was 
used the growth-rate curve was of the type already 
found by Read and Kihlman‘ and the minimum 
value was about the same as they measured after 
4 hr. immersion in 7 x 10-* M solution at 10° C. 
The two curves, one obtained with added argon and 
the other without it, do not differ appreciably, and 














ir 


d 








No. 4609 March L 1958 


eee 
10 p—-= a 


1 


—_—<-—=—- 
nen eer enaeen? 
~ 





a eee 


g 





o 
' i x— —o 
i See 


i i. ot 4. i i i A 4 1 


Growth-rates (per cent of control) 





o 
_WATER ATMOSPHERIC PRESSURE 
~~ WATER 5 ATMOSPHERES ARGON 
EOC $ ATMOSPHERES ARGON 


EOC ATMOSPHERIC 
PRESSURE that is, in the nucleus. 





NATURE 617 


mitochondria, that is, in the cyto- 
plasm. On the other hand, the respir- 
atory mechanism seems not to be 
involved in the X-ray breakage of 
chromosomes, and there is reason to 
believe that both the oxygen and the 
track of ions must be in the imme- 
diate vicinity of the chromosomes, 
Ebert, 
Hornsey and Howard (loc. cit.) have 
shown the importance of the lipid/ 
water partition coefficient of the 
added gas and have suggested that it 
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Fig. 1. Ethoxycaffeine and 5 atm. argon (4 hr.) 
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10 excludes oxygen from some lipid/ 


water interface which “may well be 
within the nucleus or associated with 
the nuclear membrane”. Kihlman‘ 
reported that a considerable number 
of purine derivatives could produce 
chromosome aberrations in plant 
chromosomes, and these could be 
divided into two classes. The first, of 
which 8-ethoxycaffeine is an ex- 
ample, acts in relatively high concen- 
tration and short exposure times, 
whereas the second acts in dilute solu- 
tion applied for times of the order of 
the mitotic cycle. If a concentrated 
solution of the second class is used, 
less effect on the chromosomes is 
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Fig. 2. Ethoxycaffeine (EOC) and 100 atm. argon (3 hr.) 


the tentative conclusion is that the argon pressure 
had no effect on the sensitivity of the roots to 
8-ethoxycaffeine. Perhaps there is such an effect, 
but the threshold pressure is greater than when 
X-rays are the injurious agent. To test this, the 
experiment was repeated, but 100 atm. pressure of 
argon was introduced. As the control roots had 
already reacted unfavourably to 4 hr. in 5 atm. 
pressure, the duration of the treatment was reduced 
to 3 hr. in an attempt to reduce this unwanted effect. 
The growth-rate curves are shown in Fig. 2. The 
argon treatment alone reduces the growth-rate, but 
there is complete recovery after 4-5 days. At this 
time the roots treated with 8-ethoxycaffeine still 
have a much-reduced growth-rate (about 50 per cent 
normal), and there is little difference between those 
treated with the added argon and those without it. 
The conclusion is that argon pressures which 
completely annul the enhanced sensitivity to X-rays 
produced by oxygen have no effect on the sensitivity 
to 8-ethoxycaffeine, although this sensitivity also 
depends on the presence of oxygen. This conclusion 
cannot be drawn with the certainty we would like, 
because the control roots were adversely affected by 
the argon pressure, but it seems to be the most 
probable interpretation of the results. Its importance 
is that the site of action of oxygen in the X-ray case 
would then be different from that involved with 
8-ethoxycaffeine. Kihlman® has shown that sodium 
azide, which inhibits cytochrome oxidase and thereby 
respiration, suppresses the power of 8-ethoxycaffeine 
to cause chromosome breakage as completely as 
anerobic conditions. The effect is also suppressed 
by 2.4-dinitrophenol, which uncouples phosphoryl- 
ization from oxidation. These observations suggest 
that the site of action of oxygen in this case is the 





1 produced, but there is a marked 
10 inhibition of mitosis. Kihlman 
made a strong case for the view 
that compounds of the first type 
could pass through the nuclear mem- 
brane, whereas those of the second could not, but 
produced their effect only on the chromosomes of 
dividing cells. He then showed that the first class 
had a lipid/water solubility ratio greater than unity, 
ranging up to about 10, whereas those of the second 
class had a ratio less than unity, ranging down to 
0-04. He concluded from this that the nucleus was 
surrounded by a lipid/water interface which he 
called the ‘“‘perinuclear layer”. This might well be 
the “‘lipid/water interface . . . associated with the 
nuclear membrane” suggested by Ebert, Hornsey and 
Howard. 

This work has been done in the laboratory of the 
Research Unit in Radiobiology of the British Empire 
Cancer Campaign at the Mount Vernon Hospital 
and the Radium Institute, Northwood, while on 
sabbatical leave from the New Zealand Branch. I 
thank the director, Dr. L. H. Gray, for the facilities 
he has given me, and the New Zealand Branch for 
making the visit possible. The high-pressure chamber 
was loaned by the Experimental Radiopathology 
Research Unit of the Medical Research Council, 
for which I am grateful to the director, Dr. G. 
Popjak. 
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Ultra-structure of the Insect Ear 


Licut microscope studies'-* have long established 
that the sensory unit (chordotonal sensillum or 
stiftfiihrendes Organ) of the insect ear consists of three 
cells, namely, the bipolar neuron, the axon of which 
runs directly to the central nervous system, the 
sheath cell, which surrounds the dendrite of the 
neuron, and the attachment cell, which appears to 
anchor the whole assembly to the ear-drum. The 
approximate topographical arrangement of these 
cells and thei? inclusions are shown in Fig.:1. Exam- 
ination of fresh material with the phase-conirast 
microscope by one of us (E. G. G.) has demonstrated 
that, though the vacuole (v) is a fixation artefact, the 
scolopale and the axial fibre are distinguishable in 
vivo. It is with the fine structure of the latter that 
this communication is principally concerned. All 
material has been taken from the auditory ganglia 
of adult female locusts (Locusta migratoria migra- 
torioides) and fixed with 1 per cent osmium tetroxide 
buffered at pH 7-4 with veronal acetate. Each 
ganglion contains about eighty sensory units of the 
type described. 

We confirm that the axial fibre enters the central 
end of the scolopale (Fig. 1) and reaches far up its 
axis, though we have not yet been able to trace it 
to contact with or passage through the cap. At the 
level indicated in Fig. 2 a transverse section discloses 
that the fibre (Fig. 2,b) consists of an outer ring of 
nine fibrillar elements and an inner group which 
may be two pairs of fibrils. At the level of the central 
end of the scolopale, this fibrillar structure is lost 
and the axial fibre becomes a single solid rod with 
cross-striations of dense lines (period 700 A.) with 
two wider and less dense bands between each pair of 
lines (Fig. 3). As this rod approaches the nucleus of 
the neuron it splits repeatedly into rootlets (Fig. 4). 
As many as forty rootlets have been counted in 
transverse section and each has a similar periodic 
structure to the parent rod. 

The axial fibre therefore conforms closely, in the 
structure of both its distal and proximal parts, with 
what has been shown to be the fundamental structure 
of animal (and plant) cilia, and flagella®.*. Sjéstrand’ 
has shown that the outer segment of the rod of the 
mammalian retina is connected with the inner by a 
cylinder of nine pairs of fibres with a striated root, 
and it is probably relevant that rods and cones are 
derived from the ciliated epithelium of the neurenteric 
canal. Wersill* has found essentially the same struc- 
ture (but without the striated root) in the kinocilia of 
the mammalian crista. Motility has been asserted of 
the kinocilia in the criste of lower vertebrates, but it 
has not been confirmed for mammals and it would in 
any event not necessarily exclude a sensory function. 
It seems that, when a ciliary effector is transformed 
into a receptor in the course of ontogeny, the funda- 
mental structure of the cilium sometimes persists : 
and its retention in these cases suggests that, whatever 
role is aseribed to it in ciliary activity, it can play 
the same part but in a reversed sense in the receptor 


process. 
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Fig. 1. (1) pape of light microscope p —— showing one 

sensory unit the locust ear (Bouin fix hematoxylin and 

eosinstained). Figs. 2-4. Sections at various levels of Fig. 1 (electron 

microscope). Fig. 2,a, one of six or more pillars of finely vesiculated 
material forming the wall of scolopale 


In insects, ciliary and flagellar effectors (except for 
the tails of spermatozoa in some genera) are wholly 
lacking in all members of the class and at every stage 
in the life-cycle. There is here no question of their 
transformation into receptors during the development 
of an individual. The occurrence in insects of the 
ciliary ultra-structure in what are unquestionably 
receptor cells of extremely high mechanical sensitivity 
is therefore of considerable interest. 

We are much indebted to Prof. J. Z. Young for 
providing facilities and equipment for this work, to 
the Anti-Locust Research Centre for a constant 
supply of fresh material and to Dr. J. D. Robertson 
for much helpful advice. 


E. G. Gray 


Department of Anatomy, 
University College, 
Gower Street, 
London, W.C.1. 


R. J. PUMPHREY 


Department of Zoology, 
The University, 
Liverpool. 

Nov. 29. 


2 Vogel, R., Z. ges. Anat. I.Z. Anat. Entw. Gesch., 
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" Sjostrand, F. 8., J. Cell. Comp. Physiol., 42, 45 (1953). 

* Wersill, J., Acta Otolaryng., Supp., 126, 1. (1956). 
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Relation between Nucleolar Volume and 
Cell Body Content of Ribonucleic Acid 
in Supra-optic Neurones 


DURING an investigation of the influence of in- 
creased functional activity on the ribonucleic acid in 
neurosecretory cells of the supra-optic nucleus of the 
rat, an observation of more general interest was made. 
The amount of ribonucleic acid in the cell bodies 
was measured microchemically’ and the volumes of 
their nucleoli were determined on stained slides. Cells 
from control animals were investigated as well as 
from animals that had been subjected to administra- 
tion of sodium chloride for two months. Apart from 
the finding that increased functional load (increased 
hormone production) gives rise to statistically sig- 
nificant increases in amounts of ribonucleic acid and 
nucleolar volumes, it was found that the ribonucleic 
acid content per cell body was directly proportional 
to the nucleolar volume (Fig. 1). The ribonucleic 
acid content per cell body nearly equals that of 
the cytoplasm in these cells, so it is apparent that 
there is a proportionality between nucleolar volume 
and cytoplasmatic content of ribonucleic acid. On 
the other hand, it can be shown that it is unlikely 
that proportionality between nucleolar volume and 
nucleolar amount of ribonucleic acid should exist as 
well as proportionality between nucleolar and cyto- 
plasmatic amounts of ribonucleic acid. 
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Fig. 1. Values for nucleolar volumes plotted against values for 

ribonucleic acid content in cell bodies of supra-optic neurones. 

Mean values per animal are given. Open circles designate controls, 
filled circles experimental animals 


It is of interest to note that LaVelle’, from a study 
of stained slides, came to the conclusion that there 
exists a@ proportionality between the size of the 
nucleoli and the amount of Nissl substance in nerve 
cells proper. As the basophilia of the Nissl substance 
is due to ribonucleic acid, these results are in good 
agreement, indicating that the relations may have 
more general application. 

A full account of this investigation, which was 
supported by grants from the Swedish Medical 
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Research Council and Deutsche Forsch: mein- 
schaft, will be given in Zettschrift fiir Zeliforschung. 


J.-E. Epstrém 
D. E1cHNER 
Department of Histology, 
University of Géteborg, 
and 
Anatomisches Institut, 
Universitat, Miinster. 
Nov. 14. 


‘ Edstrém, J.-E., Biochim. Biophys. Acta, 12, 361 (1953). 
* LaVelle, A., J. Comp. Neurol., 104, 175 (1956). 


Antigenicity of Avidin 


AvipIn has been shown to bind the vitamin biotin, 
but the mechanism of binding is still unknown. 
Modification of the avidin molecule by acetylation, 
esterification or by blocking the amide, guanidyl, 
imidazole and phenolic groups did not result in a loss 
of its ability to bind biotin’. 

The mechanism and site of binding of an antigen 
by its homologous antibody is also largely unknown. 
In an effort to answer the question whether the locus 
(loci) of binding of biotin by avidin (on the avidin 
molecule) was (were) the same or one of the loci 
binding antiavidin to avidin, we have studied the 
specific precipitation of avidin by rabbit antiavidin 
serum in the presence and absence of biotin. Avidin 
concentrates were prepared according to Dhyse*, and 
adult male rabbits were immunized by bi-weekly 
parenteral administration of these concentrates mixed 
with Freund’s adjuvant supplied by the Difco Co. 
In all, two courses of immunization were employed. 
The avidin used for the precipitin reaction was 
obtained by dialysis of these concentrates, when 
avidin formed a precipitate. The dialysis was carried 
out against distilled water over a 48-hr. period with 
3-4 changes of the water. The precipitin reaction 
was carried out according to standard methods? first 
at 37° C. for 3 hr. and then at 5° C. for 48 hr. The 
results are given in Table 1. 

Protein was estimated according to Lowry et al.4 
In one series (A) of experiments the precipitation of 
avidin in the absence of biotin was studied as a 
control. In the B series, 5y of biotin were added to 
the avidin and incubated at 37° C. for 1 hr. At the 
end of this period, antiserum was added and the 
incubation continued for 3 hr. at 37° C., and the 
precipitation continued for 48 hr. in the refrigerator. 
In the C series, precipitation of avidin was effected 
first and then 5y of biotin were added. The results 
do not show any marked enhancement or inhibition 
of precipitation of avidin by its homologous anti- 
serum, in the presence or in the absence of biotin. 
The binding of the antibody was not affected by the 
previous formation of the avidin-biotin complex 


Table 1. PRECIPITATION OF AVIDIN BY RABBIT ANTIAVIDIN 

















Total protein precipitated, using 1 ml. of 
Amount serum 
No. | avidin (y) 
Exp. A Exp. B Exp. C 
1 29-6 430 845 364 
2 59-2 705 690 664 
3 88°8 940 920 1,004 
4 118-4 1,100 1,265 1,284 
5 148-0 1,530 1,505 1,484 
6 222-0 1,635 1,605 1,689 
7 296-0 1,605 1,695 1,914 























620 


(Exp. B). It is rather hard to be definite about this 
for the following reasons : 

(1) The best preparation of avidin binds only 
about 1/120 of its weight of biotin, whereas many 
more times its weight of antibody is bound. 

(2) The binding site of biotin may be only one 
of the several patches where antiavidin is bound. 
Loss of one of these loci may not affect the pre- 
cipitin reaction to a significant extent. Also, at 
higher concentrations of antigen, the antigen—anti- 
body complex will become more soluble. 

However, as shown by our preliminary experiments, 
the ability of avidin to bind biotin was not lost by 
previous precipitation of this protein by its antibody. 
Our preparations of antisera did not cross-react with 
ovomucoid or lysozyme, but do show a certain 
amount of cross-reaction with ovalbumin. Further, 
it is interesting to speculate whether biotin might not 
act as a hapten if the avidin-biotin complex were 
used as the antigen and if this complex -were not 
cleaved by the intact rabbit, when administered 


parenterally. 
D. V. Stva SANKAR 
BaRBARA J. COSSANO 
Henry W. THEIS 
Carot R. Marxs 
Department of Chemistry, 
Adelphi College, 
Garden City, N.Y. 


Fraenkel-Conrat, H., Abst. Amer. Chem. Soc. meeting at Atlantic 
City, 24 (Sept. 1949). 
* Dhyse, F. G., Proc. Soc. Exp. Biol. Med., 85, 515 (1954). 
* Kabat, E. A., and Mayer, M. M., “Experimental Immunochemistry” 


Se eae ae acenat 
* Lowry, H., Rosebr , N. J., Farr, A. L., and Randall, R. J., 


J. Biol. Chem., 193, "65 (1951). 


Cortisone—Glucose Tolerance Test in 
Normal and Thyroxine-treated Rabbits 


In hyperthyroidism a decreased glucose tolerance 
with a diabetic-like glycemic curve has been found 
by some authors!-*. Some of them ascribe this change 
to the damage caused to the pancreas by the toxic 
effect of thyroxine on B-cells of Langerhans islets'‘,’, 
others to the relative or absolute insulin deficiency’. 
However, Amatuzio et al.*.’?, in their studies on 
patients with hyperthyroidism, showed that both the 
rate of disappearance of glucose during the intra- 
venous glucose tolerance test and the glucose tolerance 
are normal or increased. This observation has been 
confirmed by my own studies on patients and experi- 
mental animals*. Recently, Conn and Fajans*.’* have 
suggested the use of the cortisone—-glucose tolerance 
test for investigating the latent insufficiency of insulin 
secretion in the non-diabetic relatives of known 
diabetics. Since the rapid intravenous glucose 
tolerance test in animals with hyperthyroidism was 
within the normal range’, the cortisone—glucose 
tolerance test was employed for ascertaining the 
latent damage to the pancreas. 

Table 1. VALUES OF THE ASSIMILATION CORFFICIENT OF GLUCOSE IN 


THE INTRAVENOUS AND CORTISONE-GLUCOSE TOLERANCE TEST IN 
NORMAL AND THYROXINE-TREATED RABBITS 

















Assimilation 
State No. Test coefficient P 
Normal 7 GTT* | 1:16 + #4 —_— 
Thyroxine-treated 7 GTT* | 129+0 >0-1 
Normal 7 C-GTT+ | 1:10 + : 16 >0-1 
Thyroxine-treated 7 C-GTTT | 201+ <0-01 











eer glucose tolerance test. + Cortisone—glucose tolerance 
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In a group of normal rabbits and rabbits with 
experimental hyperthyroidism (induced by treatment 
with 0-25 mgm./kgm. body-weight thyroxine per 
day for 10 days) a rapid intravenous glucose tolerance 
test was performed and the tolerance was evaluated 
by dete: i the assimilation coefficient of 
glucose’!-?*, In the cortisone—glucose tolerance test 
5 mgm. of cortisone acetate were administered 
intramuscularly 4 hr. before the intravenous glucose 
tolerance test. The results of our observation are 
given in Table 1. In normal rabbits the average 
value of the assimilation coefficient of glucose is 
1-16 + 0-18; after treatment with cortisone it was 
found to be slightly, though not significantly, de- 
creased to 1:10 + 0-16. In rabbits with hyper- 
thyroidism it was 1-29 + 0-25. This did not decrease 
even after administering cortisone (which would 
point to a latent insulin deficiency), but actually 
increased by a significant amount to 2-01 + 0-52, 
which shows an accelerated rate of disappearance of 
glucose, increased rate of utilization of glucose and 
improved glucose tolerance. The exact nature of this 
change of assimilation coefficient of glucose cannot 
as yet be explained fully. It may occur in one of 
the following ways : either the organism of thyroxine- 
treated rabbits is in a state of excessive excitement, 
so that slight hyperglycemia after the administre- 
tion of cortisone causes an increased secretion of 
insulin which accelerates the rate of disappearance 
of glucose, or thyroxine affects the response of 
carbohydrate metabolism to cortisone. 

L. Maco 
Endocrinological Institute, 
Slovak Academy of Sciences, 
Bratislava, Czechoslovakia. 
Oct. 2. 
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A Highly Sensitive Assay for CEstrogens 


Tue accepted criterion of response in the intra- 
vaginal Allen—Doisy assay is cornification of the 
vaginal epithelium, which occurs 48-54 hr. after 
administration of an effective dose of cestrogen}.’. 
Cornification is the end-point of a lengthy chain of 
events involving cell multiplication and growth of 
the epithelium. 

Biggers and Claringbold* have shown that, in the 
mouse, the earliest morphological response to the 
intravaginal administration of cestrone, is an increase 
in the mitotic rate of the vaginal epithelium. After 
a@ latent period of about 12 hr. the mitotic rate 
increases exponentially until 30-36 hr. after injection. 
Since it is probable that oestrogens act by stimulating 
cell division, without having any other effect on the 
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cornifying cells, it was thought that a quantitative 
investigation of the mitotic rate of the vaginal 
epithelium 17-24 hr. after hormone administration 
might throw some light on the primary action of 
cestrogens. 

Randomly bred ovariectomized albino mice have 
been used in this study. Two weeks before use they 
were primed by the subcutaneous injection of 1 ygm. 
cstrone in peanut oil. Individual animals were 
allotted to the experimental groups with tables of 
random numbers. CM£éstrogens were administered in 
one intravaginal injection of 0-01 ml. distilled water. 
7 hr. before each animal was killed 0-1 mgm. 
colchicine, in 0-05 ml. distilled water, was injected 
subcutaneously, in order to arrest mitoses. 24 hr. 
after injection, the vagina was removed, fixed in 
Barr’s fixative and embedded in wax. Transverse 
sections 6u thick were stained in Heidenhain’s 
hematoxylin. All observations were made with a 
binocular microscope (x 720). For each animal five 
fields were selected at random from the sections. 
The total number of arrested mitoses were counted 
in each field, the final score for each animal being 
the sum of five counts. A transformation Y = 
logio9(Z + 2) (where Z was the number of mitoses per 
field) was applied to the data, and analysis of variance 
was carried out. 

Fig. 1 shows the response to various doses of 
cestrone. It can be seen that a maximum response 
is elicited by 8 x 10-5 ugm. cestrone, response being 
approximately linearly related to log dose in the 
range 0-5 x 10-° — 8 x 10-' gm. estrone. The low 
dose required to elicit a maximum response at 24 hr. 
confirms the suggestion of Biggers and Claringbold‘ 
that the greater part of a singly cornifying dose is 
ineffective, being lost from the vagina. 

A number of assays have been carried out; the 
results are summarized in Table 1. Although day- 
to-day variations in mean response are significant, 
day-to-day variations in slope and variance are not. 
In experiments III and IV no significant difference 
was found between the slopes of cestrone and 
cestradiol-3 : 176. 

The relative potency of cestradiol-3 : 178, in terms 
of cestrone, was found to be 1-68 (0:93-3:03); the 
5 per cent fiducial limits follow the estimate. Biggers', 
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Fig. 1. The relationship of response (mean number of arrested 
mitoses per field) to log Sone of estrone (10-* vgn .), 24 hr, — 
administration of the hormone. The vertical es ‘through the 
observations indicate plus and minus one s 


f the 
mean. The errors vary since more animals were used on ~ 4 tinear 
segment of the curve than elsewhere 
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Table 1 
Standard 
Ex -| Substances No. of | Slope} error of Relative 
ment tested animals slope potency 
I (strone 8 105-0} 23-26 _- 
Il (strone 24 121-4} 25-96 _ 
III Gstrone and 
— 48 123-0} 18-41 1-74 
:178 (0-97-83 -49)* 
IV Guisane and 
eestradiol- 32 83-3; 16-55 1:50 
$:178 | (0 -50-5 -00)* 























* The 5 per cent fiducial limits follow the estimate. Mean relative 
potency = 1-68 (0-93-3-03). 


using 500 animals, with cornification as the criterion 
of response, found cestradiol-3 : 178 to be significantly 
more active than cstrone (relative potency 1-75 
(1-15-2-66) ), an estimate not in discord with the 


above (xe = 0-0042, P > 0-95). 


The method of assay described in this communica- 
tion, therefore, appears to be ten times as sensitive 
and four times as precise as the standard intra- 
vaginal assay under optimum conditions‘. Prelim- 
inary work with entire immature mice suggests 
that the slope is doubled. Further work is being 
carried out with the object of increasing both slope 
and sensitivity of the assay method. 

We are grateful to Prof. C. W. Emmens for much 
helpful advice and criticism. This work was supported 
by a grant from the New South Wales State Cancer 


Council. L. Martin 
P. J. CLARINGBOLD 


Department of Veterinary Physiology, 
University of Sydney. 
Sept. 19. 
1 Allen, E., and Doisy, E. A., Physiol. Rev., 7, 600 (1927). 
* Emmens, C. W., “Hormone Assay’’, Chap. 13 (Academic Press, New 
York, 1950). 
* Biggers, J. D., and Claringbold, P. J., J. Anat., 89, 124 (1955). 
$ Bigger J. D., and Claringbold, P. J., Aust. J. Biol. Sci., 7, 118 


* Biggers, J. D., J. Endocrinol., 7, 163 (1951). 


Serological Determination of Developing 
Muscle Protein in Chick Embryo 


Myosin in the heart muscle of a chick embryo of 
about 16 hr. after incubation was determined first 
by Ebert?. Further experimental work on myosin 
during embryonic development was published by 
Rudnick? and Grunwaldt* from histochemical points 
of view. Csapo and Herrmann‘ found a protein with 
solubility and viscosimetric characteristics similar to 
myosin in chick muscle on the ninth day of develop- 
ment, suggesting the possibility of its existence at 
earlier stages. Herrmann®, however, reported later 
that muscle protein was not detectable until about 
the fourteenth day. 

We obtained pure actin and actomyosin from the 
pectoral muscles of White Leghorns by Straub’s 
method*.’. This protein, at a concentration of about 
15 mgm. per ml., was injected intravenously into 
rabbits at 3-day intervals, until it reached a total 
of 60 mgm. The rabbits were bled by heart puncture 
on the fifth day after the last injection, and the 
serum obtained was used for the precipitin reaction 
with saline extracts from chick embryos*. We checked 
failure due to antigen-excess by using & constant 
volume of serum and progressively decreasing amounts 
of antigen. 
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Table 1. RESULTS OF PRECIPITIN REACTION WITH ACTIN ANTI-SERUM AND SALINE EXTRACTS OF CHICK EMBRYOS 
Ec yasuriniiiag | 
wes Antigen concentration 
Hoars after incubation No. of embryo 4x 8x 16 x 32 x 64 x 128 x Note 
| | 
24 ony ee Gir ee | | | 
| | | | 4 embryos 
| } as uF | a” | 7 | i | mixed 
48 8 se hi | od } te | 
arte | | | 
72 ‘ ro | ~ | _ bi) Re Leah (shoe. _ 2 embryos 
ii | + + - | = mixed 
96 ° ++ | +++ ++ rere + e 
| ++ +++ | os aa a j ++ + + 
: $f + ++ | +44 | 
| 144 L 4 + 4 ++ ++ ik cd : 
iin — SS Sau 7S BE Bs VA Ae 
< + + } > | + ++ ++ 
| 216 | 2 + “f 7 it ; Leaded | * 
| aes = } | 4 brastodics 
| i | fy, ese 


Control (non-fertilized) 8 








* The heart tissue was sufficiently excised. 


Actin from the heart tissue and that from the striated muscle showed no difference in the reaction of anti-serum. 


RESULTS OF PRECIPITIN REACTION WITH ACTOMYOSIN ANTI-SERUM AND SALINE EXTRACTS OF CHICK EMBRYOS 













































































Table 2. 
| Antigen concentration | 
Hours after incubation | No. of embryo | 4 8x 16 x 32 x 64 x 128x | Note | 
ee | 
48 12 ie nie | a | | 6 embryos mi.ed 
ie a < - _ - | * 32 embryos mixed 
me — ~ | - _ | * 40 embryos mixed 
96 56 + - | | | * 24 embryos mixed 
+ + - - * 32 embryos mixed | 
120 6 2 i fy 7 s: We * 3 embryos mixed | 
= Pe SEALS ety EES Corde EE | | 
4. ++ + | | | _ \* | 
168 8 ++ et + eae eRe Ba - |e 
| {| ++ + + ~ - _ ee 
pats | | ate | ttt $+ | a 
240 3 +. (oicte. | + + | + + . | 
| ++ +++ +++ | ++ ++ + * 
| | v ™ cae | fy rca | | | 
Control (non-fertilized) | 12 fee: eo | | 6 brastodics mixed 


- | Pi i nee Gere: frien 





* The heart tissue was sufficiently excised. 


It was found that actin became detectable first 
in the chick embyro 72 hr. old (Table 1)*. In con- 
trast, in the striated muscle, actomyosin was de- 
tected about 96 hr. after incubation (Table 2). 

It may therefore be concluded that the stages of 
appearance of heart myosin, actin and actomyosin 
in the striated muscle occur, respectively, at about 
16, 72 and 96 hr. after incubation in chick embryos. 
It seems that, in the heart, myosin appears before 
the formation of actin, while the order may be 
reversed in striated muscle. 


Yosuiro OGAWA 
TaAKATADA KAWAHARA 
Jrr0oo MIURA 


National Institute of Genetics, 
Misima, Japan. 
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A Special Reaction of the Complement 
Fixation Test applied to the Study 
of Tumours 


In the course of immunological research on cancer 
it was observed that the foot and mouth disease virus 
can act as antigen in a special reaction of the comple- 
ment fixation test. 

For the reaction the blood serum must be fresh, 
correctly diluted, and not inactivated, and the 
reactive antigen is the foot and mouth disease virus 
type O, variation 2, obtained from a buffered extract 
of artificially infected bovine tongue epithelium 
which has been biologically titred and sterilized by 
filtration and is not inactivated. The other reaction 
elements are more or less the same as those of the 
normal complement fixation test : guinea pig comple- 
ment and a hemolytic system with sheep red cells 
and rabbit hzmolytic serum. The incubation at 
37° C. is as usual. 

A high proportion of normal subjects, and those 
suffering from various non-cancerous diseases, gave 
a positive serological reaction, while subjects suffer- 
ing from malignant tumours, especially of epithelial 
origin, nearly all gave a negative serological reaction 
(Table 1). 
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Table 1 
Positive Doubtful | Negative 
reaction reaction reaction 

Total , 

No. Per Per Per 
| No. | cent |No.| cent | No.| cent 
Apparently 
normal subjects 931 | 911 | 97-85 9 | 0-96 | 11 1-18 
Subjects suffer- 
ing from various 
non-tumour 
diseases 367 | 303 | 82-56 | 20 | 5-44 | 44] 11-98 
Subjects suffering 
from malignant 
; tumours of epi- 
| thelial nature 101 | 6 5-94 3 | 2°97 | 92 | 91-08 
Total* | 1,899 | | | 
| { ! 

















*The other 105 cases out of the 1,504 tested were 33 pregnant 
women, 35 cases not accountable at present, and 37 cases of malignant 
or non- -malignant, non-epithelial neoplasia, and of emolymphoblastosis, 
which we do not discuss because of the limited number of cases. 


The tongue epithelial extracts of healthy cattle or 
of those infected with A or C virus of foot and mouth 
disease and their variants did not show any antigen 
property in this reaction. Similarly, other antigen- 
viruses, such as those of fowl pox, Newcastle disease, 
hog cholera, herpes simplex, parotitis, yellow fever, 
influenza (A, B, C types) had no activity. 

1,504 subjects of both sexes were tested, giving a 
total of 1,709 reactions. A number of cases were 
tested several times at intervals. Table 1 shows that 
in 97-85 per cent of apparently normal subjects the 
serological reaction was positive. The positivity of 
the reaction was not affected by age or pregnancy. 
For 82-56 per cent of patients suffering from various 
non-neoplastic diseases, both acute and chronic, the 
reaction was positive. The diseases included those 
affecting, for example, the heart, blood vessels, the 
respiratory system, the digestive system, the liver, 
the urinary system, bones and articulations, the 
nervous system, as well as the endocrinal diseases, 
infectious diseases, traumatic cases, etc., and especi- 
ally syphilis and tuberculosis. This percentage may 
be higher, since there is the possibility of undiagnosed 
cancer. On the other hand, for 91-08 per cent of 
subjects suffering from malignant tumour of epithelial 
nature the serological reaction was negative. 

Similar results were obtained in preliminary experi- 
mental researches on animals. Healthy rats (Spague- 
dowle blood stock, male) gave positive serological 
reactions, while rats of the same stock, carriers of 
Walker tumours for twenty days, gave a negative 
serological reaction. 

From researches recently started on the components 
of the complement, the C,—C, components seem to 
have an important function in the mechanism of the 
reaction. 

The diagnostic interest of this special reaction of 
the complement fixation test is evident. From the 
biological point of view a special reactive fraction is 
obviously deficient or inactive in the subjects suffer- 
ing from malignant tumours of epithelial nature. 

A. SERRA 
G. GUARINI 

Istituto Zooprofilattico Sperimentale 

del Piemonte e della Liguria, 
Torino. 

P, LovisETTo 
D. CasTELLI 
F. Bauzoua 

Istituto di Clinica Medica Generale 

e Terapia Medica dell’ Universita di Torino. 
Dee. 31. 
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Effect of Aldosterone Monoacetate and 
Deoxycorticosterone Acetate on Alkaline 
Phosphatase Activity in the Liver of Rats 


REcENT histochemical studies have demonstrated 
that aldosterone increases phosphatase activity in 
the kidney of rats'. The present communication 
records the influence of aldosterone monoacetate and 
deoxycorticosterone acetate on alkaline phosphatase 
activity of the liver of rats. 

Young male albino rats, weighing 49-4 + 8-9 gm., 
were injected subcutaneously with d,l-aldosterone-21- 
monoacetate in a daily dosage of 10 ygm. per animal 
for a period of 16 days. Deoxycorticosterone acetate 
was administered similarly (10 pgm. daily/16 days) 
to another group of rats. The animals were killed 
24 hr. after the final injections. The liver was 
homogenized with water (100 ml./gm. fresh tissue), 
centrifuged for 5 min. at 2,000 r.p.m., and the clear 
supernatant was finally processed for estimation of 
enzyme activity according to the method laid down 
by Hawk et al.*.. Gomori’s technique* was used for 
histochemical localization of alkaline phosphatase 
activity. The results are presented in Table 1. 


ALKALINE PHOSPHATASE ACTIVITY IN THE LIVER OF RATS 
TREATED WITH ALDOSTERONE MONOACETATE 


Table 1. 





Alkaline phosphatase activity in 
the liver (mgm. phosphorus/gm./ 
1 hr.) with 8.E.* 

2-05 + 0-16 (7) 

1-76 + 0°34 (6) 


1:10 + 0-08 (7) 


Treatment 





Controls (solvent only) 

Aldosterone monoacetate 
(10 vgm. daily/16 days) 

Deoxycorticosterone acetate 
(10 vgm. daily/16 days) 











* Figures in parentheses indicate the number of animals. 


Treatment with aldosterone monoacetate causes 
some inhibition of alkaline phosphatase activity in 
the liver albeit not in a statistically significant 
manner (Table 1). Deoxycorticosterone acetate 
evokes a similar but highly significant reduction in 
enzyme activity (P < 0-001). The difference between 
the two hormone-treated groups in this respect is, 
however, statistically insignificant. On a percentage 
basis, deoxycorticosterone acetate causes as much as 
46 per cent inhibition, whereas aldosterone mono- 
acetate evokes only a 14 per cent loss of enzyme 
activity. This suggests that deoxycorticosterone 
acetate is about three times as active as aldosterone 
monoacetate in inhibiting alkaline phosphatase activ- 
ity in the liver. Histochemical preparations of liver do 
not show any change in the activity of this enzyme 
after treatment with aldosterone monoacetate, but 
in the deoxycorticosterone acetate group the endo- 
thelium of the vascular sinusoids reacts in a faint 
manner. 

The present results indicate that the qualitative 
effect of the two hormones on alkaline phosphatase 
activity in the liver is more or less similar, but they 
differ with respect to degree. A somewhat similar 
view has been expressed by Loustalot and Meier’. 

Grateful acknowledgment is made to Dr. Gross 
of Ciba Ltd., Basle, Switzerland, for the contribution 
of aldosterone monoacetate. 

Amiya B. Kar 


R. P. Das 
Central Drug Research Institute, 
Lucknow. Nov. 15. 


2 Loustalot, P.,and Meier, R., Schweiz. med. olin 84,1415 (1954), 


* Hawk, P. B., Osler, B. a and Summerso: . H., “Practical 
Physi ological Chemistry” . and A. Churchill; London, 1947). 


* Gomori, G., J. Cell. Comp. Physiol., 17, 71 (1941). 
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Conversion of 3-Hydroxyanthranilic Acid 
to Quinolinic Acid in Presence of Rat 
Liver treated with 
2-Acetylaminofluorene 


THE reactions reported here are considered to be 
the final steps in the chain of reactions whereby 
tryptophan is converted into vitamin! ; it shows the 
inhibitory action of the carcinogenic substance 
2-acetylaminofluorene on the reaction 3-hydroxy- 
anthranilic acid—quinolinic acid. 

The effect of a high-protein diet on the development 
of tumours, when 2-acetylaminofluorene is used as 
the carcinogenic compound, has not as yet been 
clarified. Morris et al.* reported that rats maintained 
on @ diet containing 18-24 per cent casein, after 
administration of 2-acetylaminofluorene, showed a 
high number of tumours when compared with rats 
maintained on a 12 per cent casein diet. 

Engel et al.* noticed that the number of weaned 
rats in which mammary tumours caused by 2-acetyl- 
aminofluorene were observed, decreased when casein 
was increased in the diet. Harris‘ states that the 
development of liver tumours due to 2-acetylamino- 
fluorene does not depend on the protein-level of the 
diet. 

Dunning et al. investigated the connexion between 
diet and incidence of cancer due to 2-acetylamino- 
fluorene. They found that bladder cancer arose in 
all rats (Fisher stock 344) which were fed on a diet 
containing large amounts of tryptophan (1-4—4-3 per 
cent). Rats fed on a diet containing smaller amounts 
of tryptophan showed no development of bladder 
cancer. 

The high level of tryptophan in the diet necessary 
for the development of tumours recalls that the two 
o-aminophenols, that is, 3-hydroxyanthranilic acid 
and 3-hydroxykynurenine, formed in the degradative 
metabolism of tophan possess carcinogenic 
activities. Yet if 2-acetylaminofluorene induced a 
biochemical lesion at a stage when one of the trans- 
formation reactions of these two compounds takes 
place, it would be possible to formulate a hypothesis 
on the mechanism of the carcinogenic activity of 
2-acetylaminofluorene on the bladder, based on the 
accumulation of one or both of these o-aminophenolic 
derivatives. 

Our experiments were conducted on liver of rats 
maintained on a diet containing 2-acetylaminofluorene 
of Hoffmann-La Roche (0-1—-0-2 per cent in the diet) 
for periods varying from 2 to 6 days. 

Liver taken from rats of the same stock, of similar 
weight and age, fed on the same diet but without 
2-acetylaminofluorene, was tested for its capacity 
to convert, under the same experimental conditions, 
3-hydroxyanthranilic acid (3 mgm.) into quinolinic 
acid (incubation time always 1 hr.). 

The method used for determining quinolinic acid 
was a clight modification of that of Rabinovitz, 
Fineberg and Greenberg'.’. 

The results of these experiments clearly demon- 
strate that, after administration of 2-acetylamino- 
fluorene, the enzymic reaction, that is, the conversion 
of 3-hydroxyanthranilic acid to o-quinoneiminic 
compound, in liver tissue is highly inhibited; this 
inhibition results in an average value of about 50 per 
cent. In one of the experiments 504 ugm. of quino- 
linic acid was formed in the presence of normal rat 
liver; 210 ugm. quinolinic acid was formed in the 
presence of liver of a rat treated with 2-acetylamino- 
fluorene. 
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The following possible mechanism would explain 
the carcinogenic activity of 2-acetylaminofluorene : 
2-acetylaminofluorene inhibits the conversion of 
3-hydroxyanthranilic acid to the o-quinoneiminic 
compound and causes an accumulation of 3-hydroxy- 
anthranilic acid and 3-hydroxykynurenine. These 
physiological metabolites could in certain conditions 
lead to tumour formation. 

It is important to notice that the reaction of 
3-hydroxyanthranilic acid is already inhibited 24 hr. 
after administration of 2- acotylaminofiuorene, while 
according to Wilson et al.* tumours arise only after 
3-4 months. Therefore the biochemical lesion caused 
by the carcinogenic compound would appear very 
early. 

E. QUAGLIARIELLO 
8S. AuRICCHIO 
E. Rrapi 
Institute of Biochemistry, 
University of Naples. 


: Cedrargolo, F., Quaderno, 5 Sez. Perugina S.1.B.8. Perugia (1950) ; 
“Convegno sulle vitamine”, 8¢ Giornata della Scienza, Milano 

eyo Soc. Chim. Biol., 87, 399 (1955) ; Biochim. Applicata, 

® Morris, H. P., Westfall, B. B., Dubnik, C. 8., and Dunn, T. B., 
Cancer Res., 8, 390 (194 8). 

® Engel, R. W., and Copeland, D. H., Cancer Res., 11, 180 (1951). 

* Harris, P. N., Cancer Res., 7, 88 (1947). 

5 Dunning, W. F., Curtis, M. R., and Mann, M. O., Cancer Res., 10, 


454 (1950). 
* Rabinovitz, M., Fineberg, R. A., and Greenberg, D. M., Arch. Bio- 
chem. Bioph 8... 42, 197 (1953). 


? Quagliariello, E., and Della Pietra, G., Biochem. J., 62, 168 (1956). 
® Wilson, R. H., De Eds, F., and Cox, A. J., Cancer Res., 1, 595 (1941). 


Demonstration of Antibody in Passive 
Transplantation Immunity to Crocker 
Tumour in Mice, using the 
Schultz-Dale Technique 


Mrroxison! reported a simple and effective proce- 
dure for passively transferring transplantation im- 
munity to a mouse lympho-sarcoma by injecting 
minced, regional lymph nodes intraperitoneally and 
draining the grafted areas of actively immunized mice. 
This phenomenon was later confirmed by Billingham 
et al.* using skin homografts. They preferred to call 
it ‘adoptively acquired immunity’. Using the same 
technique’, a similar transfer of passive immunity to 
homologous or heterologous tumour transplantation 
was conferred upon rats*.*. The criteria of immuniza- 
tion adopted in these experiments was the ability of 
the animal to cause regression of a viable implant of 
the tumour, or to hasten the breakdown of the skin 
homografts. 

Recently, Makari® introduced the Schultz—Dale 
technique for the detection of specific soluble antigen 
in the sera of carcinoma patients using uterine horns 
of female guinea pigs. Fink et al.* extended it to 
detect antibody production against tumours in mice. 

Using the Schultz—Dale technique, we have made 
attempts to demonstrate the presence of antibody in 
the host during this passive transplantation tumour 
immunity. The criterion of immunization taken here 
is the ability of the host’s uterus, sensitized in this 
way, to produce a contraction when exposed to the 
homologous tumour antigen in vitro in the Dale bath. 

Pure line strains of Strong-A and C57 black mico 
were used and Crocker tumour was grafted into the 
subcutaneous tissues of both flanks. 6 draining 
axillary lymph nodes, 2 spleens, 1 kidney, } of a liver 
and 3 c.c. of serum were obtained from mice with 
10-12-day-old growing Crocker tumours. These 
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Table 1 
Uterus from Strong-A 
mouse, grafted intra- | Normal Strong-A 
—— five days | mouse uterus, sim- 
fore, with draining | ilarly treated with 
Treatment lymph nodes from normal mouse 
Strong-A mice, bear- lymph nodes 
ing Crocker tumour 
| (12 days old) 
1. Ra/3 rat tumour 
soluble protein | 0 } 0 
2. Normal mouse 
ty) (liver, 
spleen, kidney) 
soluble protein ++ 0 
3. Desensitization 
| with normal 
mouse organ sol- | 
| uble protein | 
| 4, Crocker mouse 
| tumour soluble | 
protein ++++ = 
| 5. Crocker mouse 
| tumour soluble 
| protein (heated) + 0 
| 6. Desensitization with 
Crocker mouse | 
tumour soluble 
| protein } 
| 7. Crocker mouse 
} tumour soluble | 
} protein | eet 0 
8. Acetylcholine | 
(10 »gm./ml.) | ++++ ++++4+ 








were minced and injected intraperitoneally into 
normal female mice of the same strain. Controls were 
treated similarly with tissues from normal mice. 
Animals were killed at intervals, the uteri were 
removed immediately and tested in the Dale bath for 
sensitization, by exposing them to different test 
antigens and recording the reaction on a kymograph. 
Soluble protein, lipoprotein’? prepared from fresh or 
lyophilized Crocker mouse tumour, Rd/3 rat tumour 
and normal mouse organs were used as test antigens. 
After contraction with one antigen, a uterus was 
washed completely and the same antigen was added 
repeatedly to test for desensitization. The reactivity 
of the tissue was tested with acetylcholine at the 
end of each experiment. 

It was found that draining lymph nodes and spleens 
from tumour-bearing mice are very effective; the 
uterus so sensitized gives a positive reaction when 
exposed to Crocker tumour soluble protein, lyophilized 
Crocker tumour extract and Crocker tumour lipo- 
protein. After heating, the antigens do not have this 
effect. Other organ-grafts are not effective. No such 
contraction is seen in the uterus when exposed to 
normal mouse organ soluble protein, lyophilized 
normal mouse organ extract and soluble protein from 
Rd/3 rat tumour as test antigens. Heating of the 
lymph nodes prior to grafting also abolishes this 
effect. The reaction appears on the second day after 
grafting and disappears completely after 3 weeks. 
This reaction has no strain specificity ; lymph nodes 
from Strong-A mice bearing Crocker tumours, grafted 
into C57 black mice and vice versa, also give a positive 
reaction. 

A typical result is given in Table 1. 

It was shown previously that the host animal (rat 
and mouse) reacts to @ progressively growing trans- 
planted tumour by developing a characteristic plasma- 
cellular reaction in the draining lymph node and 
spleen®.*, which can be correlated with the increase 
of deoxyribonucleic acid and thus with protein 
synthesis in these organs®. It was suggested that 


the plasma-cellular response is the morphological 
manifestation of a systemic immune reaction, due to 
the antigenic stimulation from the graft, and that 
plasma cells are involved in the production of anti- 
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bodies against the tumour*. Evidence has been 
presented by Billingham e¢ al.* that this heightened 
resistance in ‘adoptive immunity’ is not due to 
passive transference of any preformed antibody from 
the primary hosts, but of immunologically activated 
tissue, which continues to function in these secondary 
hosts after transfer. 

Although these experiments do not throw any 
light on this question, they demonstrate that the 
presence of antibody in the host is the basic mechanism 
involved in this passive tumour transplantation 
immunity. This investigation, which will be pub- 
lished later in detail, also confirms observations?*.* 
that the regional lymph nodes and spleen are impor- 
tant seats of the host’s reaction against tumour 
homografts, that they form antibodies and that 
plasma cells play an important part in their produc- 
tion. 

This work was carried out in the Department of 
Experimental Pathology and Cancer Research, School 
of Medicine, Leeds, and I wish to thank Prof. H. N. 
Green for valuable advice and helpful discussion. 

B. D. Barvan 

Department of Pathology and 

Cancer Research Centre, 
Assam Medical College, 
Dibrugarh, 
Assam. 
1 Mitchison, N. A., Proc. Roy. Soc., B, 142, 72 (1954). 
* Billingham, R. E., Brent, L., and Medawar, P. B., Proc. Roy. Soc., 
B, 148, 58 (1954). 
* Baruah, B. D., 32nd Ann, Rep. Brit. Emp. Can. Camp., 229 (1954). 
‘ Bollag, W., and Marti, H. R., Experientia, 11, 318 (1955). 
* Makari, J. G., Brit. Med. J., ii, 1291 (1955). 
* Fink, M. A., Smith, P., and Rothlauf, M. V., Proc. Soc. Exp. Biol. 
Med., 90, 590 (1955). 
7 Green, H. N., and Wilson, R., Nature, 178, 851 (1956). 
* Baruah, B. D., Indian J. Med. Sci. (in the press). 
* Andreini, P., Drasher, M. L., and Mitchison, N. A., 102, 199 (1955). 


Anti-allergic Effect of Cortisone 

INVESTIGATIONS on the release of histamine and 
slow-reacting substance from the perfused anaphylac- 
tic lung of the guinea pig reveal that cortisone is not 
inhibitory to the release of either substance. On the 
other hand, in as low a concentration as 1 in 140,000 
the response of the guinea pig gut to histamine and 
slow-reacting substance is greatly reduced if the 
cortisone is left in contact with the gut for 1-3 min. 
Contact for 10 sec. is without significant effect so 
that assay of the output of histamine and slow- 
reacting substance is satisfactory on the isolated gut 
of the guinea pig. This effect, owing to the delay, 
may be due to intracellular action of cortisone on the 
effector organ. 

This peripheral depressant action, which is not 
reported as being significant in man from clinical 
observations, has probably not been observed because 
of the concentration required to produce it. More 
soluble cortisone preparations, now available, should 
show whether this has clinical significance, since 
larger rapid intravenous dosage is now possible. Lower 
dosage of cortisone is known to inhibit antibody 
production and so produce a more gradual reduction 
in sensitivity. 

These experiments will be described in detail 
elsewhere. 

E. R. TRETHEWIE 

Department of Physiology, 

University, 
Melbourne. 
Nov. 27. 
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Quantitative Determination of Cholin- 
esterase Activity in Individual End-plates 
of Normal and Denervated Gastrocnemius 

Muscle 


It has been reported!,* that as late as two months 
after denervation of the gastrocnemius muscle the 
end-plates still reacted positively to a histochemical 
test for cholinesterase. The test was made by the 
thiocholine method of Koelle and Friedenwald?. 
Recent development of the diver technique for 
quantitative determination of cholinesterase activity 
in individual cells*.* has made it possible to record 
quantitatively the observed histochemical reaction 
of the end-plates after denervation. 

The cholinesterase activity of end-plates from the 
diaphragm and the gastrocnemius muscle was first 
determined in normal animals. Albino mice were 
killed by strangulation. The diaphragm or the 
gastrocnemius was removed and placed for 10 min. 
in the incubation medium for histochemical visualiza- 
tion of end-plates. The medium used was essentially 
similar to that recommended by Koelle*; but the 
required volume was made up with 0-9 per cent saline 
instead of 25 per cent sodium sulphate. Inspection 
of the gross substance after incubation revealed the 
accumulated end-plates as whitish bands extending 
across the muscle. A small piece of the histochemically 
active area was cut out with scissors and was placed 
under the microscope on a hollow slide containing 
0-9 per cent saline. Single end-plates were dissected 
free with the aid of a micromanipulator and were 
placed in divers for quantitative determination of 
cholinesterase activity®. A 5 x 10-*M acetylthio- 
choline iodide solution was used as substrate and the 
measurements of activity were carried out at 25°C. 
The activity was calculated as the amount of carbon di- 
oxide liberated from the bicarbonate buffer during Lhr. 


Table 1. CHOLINESTERASE ACTIVITY OF END-PLATES ISOLATED 
FROM NORMAL DIAPHRAGM AND GASTROONEMIUS MUSCLE AND FROM 
DENERVATED GASTROONEMIUS MUSCLE 











Cholinesterase activity of 
End-plates isolated single end-plates (expressed 
Mouse No. from in 10-* ul. carbon dioxide 
per hr.) 
Diaphragm 
4 | 400 
5 320, 350 
6 420* 
7 450* 
Gastrocnemius 
8 580, 500 
10 1,000, 1,000 
ll 740, 750 
12 740, 1,200, 710 
Gastrocnemius: days 
after denervation 
13 75 200 
14 80 510, 4380 
15 85 170, 170 














* In these experiments two end-plates instead of one were placed in 
the diver; the respective readings were 940 x 10-* and 900 x 107° wl. 
carbon dioxide per hr. 


Table 1 shows that end-plates isolated from 
gastrocnemius muscle had higher cholinesterase 
activity than end-plates from the diaphragm, and 
that the variations in the enzymic activity were 
considerable. It is further seen that 80 days after 
gastrocnemius denervation the end-plates still dis- 
played appreciable cholinesterase activity. (The 
denervation was performed under ether anesthesia ; 
a section o- the left sciatic nerve, about 10 mm. in 
length, was excised at mid-thigh level.) 

More detailed study of the cholinesterase activity 
variations in end-plates and a correlation with the 
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cholinesterase activities of the associated neurites 
will be attempted in later investigations. 
M. Brzin 
J. ZagsJICEK 
Institute of Radiopathology, 
Stockholm 60. 


1 Gerebtzoff, M. A., and Vandermissen, L., Ann. d’Histochim., 1, 221 
(1956). 


* Bergner, A. D., Brit. J. Exp. Path., 48, 160 (1957). 

* Koelle, G. B., and Friedenwald, J. 8., Proc. Soc. Exp. Biol. and Med., 
70, 617 (1949). 

* Zajicek, J., and Zeuthen, E., Hap. Cell Res., 11, 568 (1956). 

5 Zajicek, J., Acta Physiol. Scand., 40, Supp. 158 (1957). 

® Koelle, G. B., J. Pharmacol., 108, 153 (1951). 


Metabolism of the Perfused Cat Brain 
during Metrazol Convulsions and 
Electroshock 


THERE are a number of reports in the literature 
that during metrazol convulsions the rate of cerebral 
oxygen consumption increases!-*. It is also generally 
accepted that normally cerebral oxidations proceed 
almost exclusively at the expense of glucose. In a 
previous report‘, however, it was demonstrated with 
the aid of radioactive glucose that, in the case of 
cat brain perfused with ‘simplified blood’ (bovine 
red blood corpuscles suspended in Ringer’s solution 
containing albumin), only about 30 per cent of the 
carbon dioxide produced by the brain comes from the 
blood glucose, while the rest of the carbon dioxide 
is derived from the combustion of endogenous sub- 
strates. This communication reports experiments 
showing an increase in production of carbon dioxide 
by the perfused cat brain following convulsions 
induced by metrazol and following electroshock. The 
results indicate that the major part of the excess 
carbon dioxide is derived from unknown endogenous 
substrates. 

Isolation of the cerebral circulation of the cat was 
carried out according to the method described by 
Geiger and Magnes*. Perfusion of the brain at a 
constant rate of blood flow and the experimental 
technique generally were as described previously’. 
After 34 min. perfusion, 0-6—-1-2 ml. of a 1 per cent 
solution of crystalline metrazol in saline was injected 
into the perfusing blood just before it entered the 
carotid arteries. The injection took about 1 min. 
Convulsive activity was almost immediate and con- 
tinued for variable short periods after the injection. 
It was always accompanied by typically convulsive 
electrocortical activity and a slight transient fall in 
cerebral vascular resistance. 

Results from a typical experiment are given in 
Fig. 1. It may be seen that the convulsive episode 
was accompanied and followed by an increased rate 
of carbon dioxide production, and the percentage of 
carbon dioxide produced by the brain, which is de- 
rived from the blood glucose, dropped considerably. 
Recovery was complete in about 12 min. 

The e of electric current through the brain 
(10 volts, 60 cycles from a condensor stimulator) by 
means of electrodes placed on the exposed skull pro- 
duced similar metabolic changes. The current was 
applied three times during the course of 2 min. for a 
total of 30 sec. Each time the current was switched 
on an immediate and rapid rise of cerebral vascular 
resistance was evidenced by an increase in perfusion 
pressure, which returned to its previous value very 
rapidly when the current was switched off. During 
the passage of current the animal showed severe 

















No. 4609 March L 1958 

E. ° 
SE 5} 
ae, 
es 
So 3 
S [METRAZOL 

40 
Eo 
£3 *° 
25, 
3 2 20 
&3 
Sz 10 

0 KA 

0 80 60 
Time (min.) 
Fig. 1. Effect of metrazol on total carbon dioxide produced by 


cat brain perfused with simplified blood containing radioactive 

glucose and on percentage carbon dioxide derived from radioactive 

glucose. Broken line, average results of a number of control 
experiments (5) 


tonic spasms which ceased very shortly after break 
of the current. In contrast to the situation prevailing 
after metrazol administration, electrocortical record- 
ings following electroshock did not show evidence of 
convulsive activity. 

Fig. 2 illustrates the rise in the rate of carbon 
dioxide production and the abrupt fall in the radio- 
activity of the carbon dioxide produced by the brain 
in consequence of the application of electric current. 
This was followed by a recovery period of about 
10 min. and a subsequent ‘overshoot’ of short 
duration. 

From these results it would appear that the 
augmented metabolic activity of the brain occurring 
as a result of metrazol convulsions or of electric 
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Fig. 2. Effect of electroshock on total carbon dioxide produced 

by cat brain perfused with simplified blood containing radio- 

active glucose and on_percen carbon dioxide derived from 

radioactive glucose. Broken line, average results of a number 
of control experiments (5) 
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shock, is accompanied, and possibly supported, by 
the oxidation of endogenous substrates within the 
brain. The exact nature of these substrates is not 
known, however, the work of Hyden on nerve cells 
subjected to stimulation’, of Mullins on peripheral 
frog nerve’ and of Abood and Geiger with glucose-free 
perfusion of cat brain’, all seem to point to the likeli- 
hood that breakdown and oxidation of proteins or 
lipids may occur in association with increased neural 
activity. 

We are indebted to ASSIA Chemical Laboratories, 
Ltd., Tel-Aviv, for a supply of metrazol. 


C. ALLWEIS 
J. MaGnrEs 
Department of Physiology, 
Hebrew University- 
Hadassah Medical School, 
Jerusalem. 
Nov. 28. 
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Isocitritase in Germinating Marrow Seeds 


Hervumann? showed that the conversion of fat to 
cellular constituents must occur during the germina- 
tion of seeds of Cucurbita pepo (pumpkin). A route 
for such a conversion has been demonstrated in 
germinating castor beans by Kornberg and Beevers? 
which requires for its operation, in addition to the 
enzymes of the tricarboxylic acid cycle, isocitritase 
and malate synthetase. 


B-oxidation pathway 
acetyl coenzyme A oxaloacetate + 





Fatty acids 
acetyl coenzyme A — citrate — isocitrate 

isocitritase 

isocitrate succinate + glyoxylate 


malate synthetase 
malate — oxalo- 
acetate 





glyoxylate + acetyl coenzyme A 
Net result : 2 acetyl coenzyme A — succinate 


The presence of zsocitritase in germinating marrow 
seeds (another variety of Cucurbita pepo), and the 
variation of its activity with the stage of germination, 
suggest that this pathway may operate in the seed- 
lings of the marrow. F 

Glyoxylic acid (L. Light and Co., Ltd.) was assayed 
by the permanganate method of Long’, and a standard 
curve constructed using the colorimetric 2 : 4-dini- 
trophenylhydrazone method of Friedemann and 
Haugen‘. A variation of the latter method, taking 
into account the ratio of absorption at 420 my and 
520 my was used for determining total keto-acid 
and glyoxylic acid in mixtures of glyoxylic acid and 
a-ketoglutaric acid. 

Seeds were germinated in darkness in vermiculite 
at 30° C. for periods of 1-6 days. Extracts were 
then prepared as follows. The testa and, when 
appreciable in size, the radicle and most of the 
hypocotyl of each seed were removed, and the 
remainder, virtually only cotyledons, ground at 
0° C. with phosphate buffer, 0-1 M, pH 7-5 and fine 
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Table 1. Tora KETO-AcID AND GLYOXYLIC ACID PRESENT IN #MOL./GM. UNGERMINATED SBED-WEIGHT/HOUR WHEN SEED EXTRACTS WERE 
INCUBATED WITH VARIOUS SUBSTRATES 
Incubation 1 hr. 1 hr. nil 
Substrate None Citrate cisaconitate 30 umol. DL-isocitrate 30 umol. DL-isocitrate 
Seedling Total Glyoxylic Total bse ig Total Glyoxylic Total Glyoxylic Total Cyt 
age (days) | keto-acid acid keto-acid aci keto-acid acid keto-acid | acid keto-acid 
0 0-74 0-1 1°8 0-9 1-7 0-7 18 0:7 0-46 0-1 
1 0-68 0:3 2-3 1°5 4-2 35 4-4 3°5 0-20 0-1 
2 19 10 15-6 11-0 35-0 33-0 37-3 35-0 0-63 0:5 
3 2-4 0-2 20-4 17-0 48-6 48-0 48-4 48-0 11 0-4 
4 32 2-0 26-0 24-0 45-0 43-0 48-6 48-0 1°5 0-7 
5 29 10 22-6 19-0 61-5 49-0 53-5 51-0 17 0-3 
6 3-9 20 25-6 21-0 59-0 56-0 70°7 67-0 1-0 0-7 



































sand. Debris was removed by centrifugation for 
15 min. at 1,500 x g (‘International’ refrigerated 
centrifuge), and smaller particles by high-speed 
centrifugation at 52,000 x g for one hour (‘Spinco’ 
ultracentrifuge). 

Incubation was carried out under nidrogen at 25°C., 
each tube containing 145 wmol. 0-1 M potassium 
phosphate buffer, pH 7-6, 10 umol. magnesium 
chloride, 10 umol. glutathione, and 15 pmol. sub- 
strate in 1-8 ml. solution. Reaction was initiated by 
addition of 0-2 ml. extract, and stopped by 0-5 ml. 
30 per cent trichloracetic acid, which precipitated 
proteins. These were centrifuged down, and the 
supernatant analysed for total keto-acids, and for 
glyoxylic acid, by the modified Friedemann and 
Haugen technique‘. Chromatography of the keto- 
acid 2:4-dinitrophenylhydrazones from incubation, 
with known markers, using Whatman No. 3 paper 
and butanol/3 per cent ammonium solvent® showed 
no perceptible trace of any keto-acid other than 
glyoxylic and «-ketoglutaric acids. 

Glyoxylic acid was further characterized by reduc- 
tion of the 2 : 4-dinitrophenylhydrazone, eluted from 
the butanol/ammonia chromatogram, to amino-acid, 
using Adams’s catalyst and hydrogen*, and chromato- 
graphy of the product in phenol/borate buffer’, pH 
9-3, with known samples of several amino-acids as 
markers. The chromatogram was developed by 
spraying with 0-1 per cent ninhydrin, 10 per cent 
glacial acetic acid, 4 per cent collidine in ethanol, 
which gave a purple spot for glycine marker. The 
presence of a corresponding spot for the unknown 
product of 2:4-dinitrophenylhydrazone reduction 
proved conclusively that there was, in fact, glyoxylic 
acid in the resultant solution from the incubation. 

The result of the incubation was calculated as 
i glyoxylate present in the incubated mixture 

r gm. ungerminated seed-weight, and tabulated 
(Table 1). 

The extract from six-day-old seedlings was also 
incubated in a series of different dilutions, and the 
activity plotted as umol. glyoxylate formed per hour 
against volume of six-day extract used. The results 
suggested that a linear relationship exists between 
these functions in the range studied, and that activity 
(Table 1) is proportional to concentration at all ages. 

Superficial observation of the seeds during ger- 
mination revealed little or no obvious change at one 
day, the development of radicle up to about 3 cm. 
long at two days, and after that the emergence and 
rapid elongation of the hypocotyl. On the whole 
the results show good correlation of isocitritase 
activity with the age and development of the seedling. 
The results also correspond to those of Heumann* 
for rate of increase of non-fatty dry weight of seeds 
of Cucurbita pepo, the two remaining almost propor- 
tional as the seedling develops. 


The above results support the view that ¢socitritase 
is an enzyme of importance in the conversion of fat 
to carbohydrate in germinating marrow seedlings. 

Thanks are due to the many who have offered 
advice during this investigation, especially to Dr. F. A. 
Isherwood for his assistance in the characterization 
of glyoxylic acid, Dr. G. D. Greville for a gift of 
sodium cisaconitate and for his interest, and Prof. 
F. G. Young for permission to carry out the research 
in this Department. 
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Coenzyme A and Aldolase in 
Rubber-bearing Plants 


THERE is evidence that the biosynthesis of rubber 
from carbon dioxide and water in Parthenium 
argentatum! may proceed through acetate and 
8-methylerotonate, and that acetate can also act 
as a precursor of rubber in Hevea brasiliensis*. Co- 
enzyme A probably plays a vital part in the process. 
Information on the enzyme systems operating and 
on the co-factors actually present in rubber-bearing 
plants is very scanty. Coenzyme A has been reported® 
to be present in the seeds of Cryptostegia spp., of 
Hevea, and in various organs of Taraxacum kok-saghyz. 
The complete enzyme system required to incorporate 
acetate into rubber hydrocarbon is present in Hevea 
latex*; but its make-up is not yet known. This 
communication reports observations on ¢ e A 
in Hevea and Taraxacum, and also on aldolase, which 
was originally selected for study as an enzyme capable 
of forming carbon-carbon linkages. 

Cook and Sekhar* have separated Hevea latex by 
ultra-centrifugation into one minor and three major 
fractions. Of these, ‘bottom fraction’ represents the 
sedimentable non-rubber particles of the latex, and 
‘C-serum’ the non-sedimentable aqueous phase. A 
rubber-free fluid known as ‘F-serum’® is obtained 
from latex by the more drastic procedure of coagula- 
tion by prolonged freezing. It is believed* to contain 
some of the components of both bottom fraction and 
C-serum. 

Freeze-dried latex fractions have been supplied to 
the Birmingham laboratories by the Rubber Research 
Institute of Malaya, where these fractions, along with 
fresh C-serum, were also later examined for aldolase 
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activity. In Birmingham, small quantities of fresh 
latex were obtained from 4-year-old Hevea trees 
grown in glasshouses ; J'araxacum kok-saghyz plants 
were harvested on the point of flowering. 

Coenzyme A was determined by the method of 
Hiibscher, G., and Wakil, 8. J. (unpublished work). 
The fatty acid-activating enzyme prepared from ox 
liver? was used to catalyse the reaction between 
sorbic acid and coenzyme A to give sorbyl—coenzyme 
A, the formation of which can be measured spectro- 
photometrically at 295 mu. Under the test conditions 
all the coenzyme A present is transformed into 
sorbyl-coenzyme A. 

The coenzyme A content of some Hevea and Taraxa- 
cum materials is shown in Table 1. 


Table 1 





Coenzyme A content in #mol. 


Material per 100 mgm. (dry weight) 





ee F-serum (Hevea) | 


| 
2-5 yr. after preparation 02 
7 months after preparation 0:10 
| 2 months after preparation 0-16 
Fresh latex (dialysed) ro 





| Taraxacum kok-saghyz roots 








A modification of the method of Herbert eé¢ al.® 
was used for detecting and estimating the level of 
aldolase activity. The solution (2 ml.) to be tested 
was incubated for 20 min. at 30° with sodium fruc- 
tose-1 ; 6-diphosphate solution (1 ml. 0-031 M) and 
a sodium borate buffer (2 ml.) containing hydrazine 
as ketone fixative. The borate—hydrazine solution 
had pH 8-5 and was 0-3 M with respect to BO;— 
and 0:14 M with respect to hydrazine. After 
incubation alkali-labile phosphate was estimated on 
aliquots of the deproteinized mixture. Unit aldolase 
activity was defined as the formation of 0-10 mgm. 
of alkali-labile phosphorus. Table 2 shows the 
activities observed. 














Table 2 
Material Activity 
(units/mgm.) 
Hevea 
Ammonium sulphate precipitate from 
aqueous extract of freeze-dried bottom 
fraction 0-03 
Freeze-dried F-serum (old sample) 0-03 
Freeze-dried C-serum (5 samples) 0-09* 
Freeze-dried F-serum (4 samples) 0-06* 
Freeze-dried bottom fraction (4 samples) below 0-02* 


Acetone precipitate from C-serum “80 





| Seed cotyledons very low 

| Fresh latex (in Birmingham) | 16 
Taraxacum roots-ammonium sulphate ppt. 

of aqueous extract | 0-01 





* Mean values. 


Aldolase of Hevea latex was first detected in material 
precipitated by ammonium sulphate (between 35 
and 65 per cent of saturation) from an aqueous 
extract of freeze-dried bottom fraction. Examination 
of other latex fractions (see Table 2) suggested that 
the enzyme was located mainly in the aqueous 
non-sedimentable phase (C-serum) rather than in the 
sedimentable particles. It will be noted that F-serum 
is less active than C-serum, as expected from the 
mode of preparation. 

The activity present in C-serum was largely precipi- 
tated by ammonium sulphate between 35 and 65 per 
cent of saturation. A better fractionation of C-serum 


was, however, achieved by treating it with increasing 
The material precipitated 


amounts of acetone at 0°. 
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between 30 and 50 per cent (v/v) of acetone was 
dissolved in water and, after removal of insoluble 
matter, freeze dried. The product (see Table 2) had 
8-9 times the activity of unfractionated freeze-dried 
C-serum. 

In the light of recent publications’? on rubber 
biogenesis it seems unlikely that aldolase is directly 
involved in the synthesis of the hydrocarbon, but it 
is of considerable interest as a key enzyme in the 
carbohydrate metabolism of latex. So far as we are 
aware, coenzyme A has not been directly demonstrated 
in Hevea latex hitherto, although the results of Teas 
and Bandurski*? seem to imply its presence. 

We are indebted to Prof. M. Stacey for his interest 
and encouragement, to Messrs. B. C. Sekhar, R. C. H. 
Hsia and Y. H. Chong for the preparation of materials 
from Hevea, to Mr. W. G. Wren, of the Rubber 
Research Institute of Malaya, and to Dr. B. L. Archer, 
of the British Rubber Producers Research Association, 
for their assistance and advice, and to the Dunlop 
Rubber Company for a scholarship awarded to one 
of us (J. A. G.). 
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Para-Amino-Benzoic Acid and 
Sulphanilamide in the Nutrition of 
Neurospora crassa 


THE action of sulphanilamide, an antivitamin of 
p-amino-benzoic acid, has been traced to an impair- 
ment of the synthesis of methionine and adenine, 
besides some other compounds!. In some cases 
p-amino-benzoic acid could reverse the inhibitory 
effects of sulphanilamide, whereas folic acid could 
not?. In our present work, we studied the reversal 
of the toxicity of sulphanilamide in Neurospora crassa 
8a (wild) and the substitution of p-amino-benzoic 
acid in a strain without the acid (No. 1633) of the 
same mould. 

The cultures were grown with sulphanilamide or 
with p-amino-benzoic acid, as shown in Tables 1 and 
2, on the usual basal medium (Horowitz and Beadle, 
1954). The pH of all media was adjusted to 6-8 
before autoclaving. Volatile and heat-labile sub- 
stances were added after sterilization by filtration 
through a Seitz pad. The cultures were grown at 
room temperature (26—-28° C.) for three days and 
then the mats were filtered, dried and weighed. 
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REVERSAL OF THE TOXICITY OF SULPHANILAMIDE TO N. 
crassa 8a 
(10 ml, medium with 5 my biotin. 


Additions 


Table 1. 


72-hr. growth) 


A 
° 


wees of cages 


~B 
oa kee 


Basal medium 

(1) + 5 mgm. sulphanilamide 
(2) + 10y p-amino-benzoic acid 
(2) + 2 mgm. adenine 

(2) + . guanine 


ce 


2 mgm 

2 mgm. uracil 
2 mgm. choline 
: mom 


_ 
NOSOKHAam 


. threonine 

£3 . valine 

(2 . methionine 

(2) + 1 mgm. each of adenine, guanine and 


RKP OUD1920C RUD 
~ 
wr 
~ 
+ 
_ 


wo 
we Ordoucewan # 5 


“ 
co 


uracil 

(2) + 1 mgm. each of valine, threonine and 
methionine 

(2) + 1 mgm. each of adenine, guanine, 
uracil, valine, threonine and 
methionine 

(2) + 80 mgm. vitamin-free casein hydro- 


i 
i) 


a 
i) 
a4 


~ 

~ 
we 
= 
~ 


24-1 


ysate 
(14) + 2 mgm. each of adenine, guanine, Pepe 
39- 


and uracil 


— 
a 


These results indicate a broad spectrum for the 
antivitamin action of sulphanilamide. Thus, while 
methionine, valine, threonine, adenine, guanine and 
uracil were active by themselves to a certain extent 
in reversing the growth inhibition of the sulpha drug, 
a mixture of these six compounds was almost as 
active as p-amino-benzoic acid itself. The ability of 
casein hydrolysate to reverse this toxicity to a greater 
extent than a mixture of the above three amino-acids 
may suggest a synergistic role for other amino-acids 
in reversing the action of the sulphanilamide. My 
unreported results show that while hypoxanthine was 
active to a certain extent in reversing the toxicity of 
sulphanilamide, neither xanthine nor uric acid was 
active. Also, while folic acid was a complete sub- 
stitute for p-amino-benzoic acid in mutant 1633, 
it was of limited activity in reversing the effects of 
sulphanilamide. Glutamic acid (cf. Table 2) could 
replace p-amino-benzoic acid to a slightly greater 
extent than aspartic acid could. In £E. coli the 
inhibition of 2-chloro-4-aminobenzoic acid could be 
reversed by p-amino-benzoic acid, methionine or 
pantothenic acid’. My present results (cf. Table 1) 
show that the toxic effects of the sulpha drug are 
counteracted almost completely by a mixture of 
valine, threonine, methionine, adenine, guanine and 
uracil. This may very likely mean that the toxicity 
of sulphanilamide in this case is entirely confined to 
the synthesis of C, units. 

The results on the replacement of p-amino-benzoic 
acid (cf. Table 2) show that methionine was a com- 
plete substitute for the acid. This may denote 
that the metabolic block in this mutant is at the level 


Table 2. REPLACEMENT OF p-AMINO-BENZOIC ACID IN THE NUTRITION 
OF THE MUTANT WITHOUT p-AMINO-BENZOIO ACID (1633) 
(10 ml, medium with 5 my biotin, 72-hr. growth) 


No. Addition to the basal medium Weight of “aes 
(mgm. 
1 None Negligible 
2 A senate a acid (10y) 25° 
3 thione (2 mgm.) 27-4 
4 Valine (2 .) 0:8 
5 Threonine (2 mgm.) 0-8 
6 Adenine (2 mgm.) 1-1 
7 Guanine (2 mgm.) 2-0 
8 Uracil (2 mgm.) Negligibl 
9 Choline (2 mgm.) Negligible 
10 ~=—- Folic acid (100y) 23°8 
fat ~~. 20-4 
min , 80 mgm . 
= Calcium : Ty 1 — 
15 Glutamic acid (5 mgm.) 17-0 
of each ( 


Epes) ef 8 the Frccya tener compounds did not 
absence of p-amino-benzoic 
and tryptophan. 


support ort the growth Getnie — 
—¥ a ne 


serine, cystine, tyroaine, nist 
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of the synthesis of methionine, especially as the other 
amino-acids and purine and pyrimidine bases were 
not active. Strehler’ found that folic acid, methionine 
and p-toluidine are capable of replacing p-amino- 
benzoic acid in Neurospora 8043 M. He found that 
in the presence of sulphanilamide the mutant will not 
grow on adenine or other purines, although all were 
active in combination with methionine. Again, in 
my experiments, aspartic and glutamic acids were 
active to a certain extent in replacing p-amino- 
benzoic acid. This result is difficult to interpret 
since these two amino-acids are not known to contri- 
bute C, units to any significant extent. Koft et al.‘ 
found that a-ketoglutaric acid, pyruvic acid and 
lactic acid replaced p-amino-benzoic acid in the early 
growth of Lactobacillus arabinosus. However, lactic 
acid was inactive in my experiments with Neurospora 
crassa 1633. 
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Ferulic and p-Coumaric Acids in Pineapple 
Tissue as Modifiers of Pineapple 
Indoleacetic Acid Oxidase 


PINEAPPLE stem tissue has been shown! to contain 
a powerful indoleacetic acid oxidase system and a 
polyphenolic-type inhibitor. Other reports demon- 
strate the ability of certain phenols to stimulate or 
inhibit the indoleacetic acid oxidases of peas*, lentils*, 
wheat‘, a fungus®, and lupins’, though none of the 
phenols has been shown to accompany these systems. 

We have now found that two cinnamic acid deriva- 
tives accompany and modify the activity of the 
indoleacetic acid oxidase in both pineapple stem and 
basal leaf tissue. Both occur naturally as esters 
which are extractable into ether from aqueous tissue 
homogenates at pH 2-5. With ascending paper 
chromatography in 8/1/1 tsopropanol-28 per cent 
ammonia—water, the esters have an Rr of approx- 
imately 0-05—-0-2, and in 4/1/1 butanol—acetice acid— 
water, an Ry of approximately 0-85, with considerable 
overlapping of the two esters. 

The ether extractives were hydrolysed with N/10 
sodium hydroxide at 100° C. for 2 hr., the pH adjusted, 
and the free acids extracted into ether. Chromato- 
graphy now showed the disappearance of the original 
material and the appearance of two adjoining spots 
at a higher Rp (0-37-0-45) in the alkaline solvent. 
These two areas were identical with ferulic and 
p-coumaric acids in Ry, colour of ultra-violet fluor- 
escence, and acidic and basic colours with diazotized 
sulphanilic acid and diazotized p-nitroaniline sprays. 
The ultra-violet absorption spectra of the liberated 
acids were superimposable on those of the known 
compounds following double chromatography with 
isopropanol-ammonia—water. The presence of p- 
coumaric acid was further demonstrated by absorp- 
tion spectra in alcoholic sodium ethoxide, chromato- 
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graphy in a number of solvents, by isolation and 
formation of derivatives’. 

Enzyme extracts were treated with M/200 ficidl. 
gen peroxide to destroy the inhibitor and stimulator 
by peroxidative action. In the absence of a suitable 
phenolic compound, no enzyme activity occurred, 
whereas with added p-coumaric acid, treated ex- 
tract equivalent to 2-4 mgm. wet tissue and con- 
taining 14y protein destroyed 262y indoleacetic acid 
in 10 min. Assays showed that p-coumaric acid or its 
naturally occurring ester is loosely combined as a 
coenzyme for and in mass action equilibrium with 
pineapple indoleacetic acid oxidase. Ferulic acid at 
low levels can stimulate partial enzyme activity 
when little or no p-coumaric acid is present; at 
higher levels, ferulic acid or its ester is a powerful 
enzyme inhibitor. 

This communication is published with the approval 
of the Director of the Pineapple Research Institute 
of Hawaii. 

Wiis A. GoRTNER 
Martua J. Kent 
Pineapple Research Institute of Hawaii. 
G. K. SurHErRLanD 
University of Hawaii, 
Honolulu, Hawaii. 
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In vitro Culture of Ovaries of Iberis 
amara L. 


Fruit culture, perhaps better termed ovary culture, 
aims at studying the growth pattern and nutritional 
requirements of growing ovaries. Two pioneer 
attempts in this direction were those of Jansen and 
Bonner! and Nitsch*.*, but these workers did not 
_ follow the changes taking place in the ovules. Recently, 
Anantaswamy Rau‘ reared the ovaries of Phlox in 
artificial cultures. Although the fruits grew appre- 
ciably in all these cases, the extent of growth never 
equalled that in Nature. The size of the fruits 
obtained was always much smaller than that of 
fruits produced in Nature. 

We cultured ovaries of Iberis amara and studied 
the effect of several chemicals on the development of 
the pericarp as well as the ovule. 

In Nature the ovaries become double their initial 
size in a week after pollination, and the fruits attain 
their maximum size at the end of two weeks. Further 
changes, such as the differentiation of pericarp and the 
maturation of the seeds, continue for another week. 

We took flowers one day after pollination (Fig. 1, 1), 
when the ovules contain a zygote or a 2-celled pro- 
embryo and a varying number of endosperm nuclei. 
The flowers were sterilized with ‘Chlorox’ and planted 
in Nitsch’s basic medium supplemented with vitamins. 
The development obtained in this medium compared 
very favourably with that in Nature. Here the 
ovaries matured and the ovules showed normal 
embryos and endosperm on dissection. 

Having obtained normal growth in the above 
medium, our next problem was to analyse the 
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ba 1. (1) Ovaries atthe sme of ti 


er ‘ c £3) (a) "tw week 6. a 


He yom (one 
meena 
cose * Nitsch’s 
basic medium su der mines Sy ath ind Tnaolpingotic acid 5 fl 
(x ¢. 2). 0 ee old fruit grown on a medium 
./l. of kinetin and 2 mgm. of 2,4-dichlorophenoxyacetic 
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minimal requirements for fruit growth. Ovaries 
were cultured in water ; sugar + agar; sugar + agar 
+ minerals (made according to Nitsch); sugar + 
agar + minerals + vitamins’; sugar + agar + 
minerals + vitamins + indolylacetic acid ; and so on. 

We maintained two sets in water: one with single 
flowers and the other in which whole inflorescences 
were taken. The initial size of the ovaries was 
3-7mm. x 2mm. Growth was poor in both cases and 
ceased completely at the end of one week. As 
expected, the fruits on the inflorescences were larger 
(5-4 mm. x 3 mm.) than those formed from single 
flowers (4-6 mm. x 2-5 mm.). Microtome sections 
revealed that in the case of single flowers there was no 
formation of embryo or endosperm. In ovaries col- 
lected from inflorescences the embryo had grown to 
the globular stage and was quite healthy, but the 
endosperm, especially in the neighbourhood of the 
embryo, had started degenerating. 

Ovaries cultured on 5 per cent sugar solidified with 
0-6 per cent agar grew to double their initial size in 
13 days, but the fruits were extremely cartilaginous 
and the seeds thin and papery and devoid of an 
endosperm or embryo. 

A marked improvement over the sugar + agar 
medium was seen on the addition of minerals accord- 
ing to Nitsch’s formula. The average size of the 
ovary (8-6 mm. x 6-2 mm.) almost approached that 
of the controls (9-1 mm. x 7-6 mm.) as measured 
after two weeks. The growth of the embryo and the 
endosperm was also satisfactory. 

Almost exact duplication of fruit growth as it is 
in Nature was achieved with sugar + agar + minerals 
+ vitamins. Ovaries sown in this medium became 
almost double in size after a week. The calyx 
and corolla persisted for well over a week. Later 
the calyx turned yellowish and was shed; the 
corolla stayed on longer. The growth of the ovary 
was completed in about two weeks, when it started 
turning yellow (this compared well with the condition 
in Nature) and the seeds became brownish. Fruits 
maintained in culture for 36 days showed no appre- 
ciable increase in length but only slight increase in 
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breadth. As already mentioned the embryo and the 
endosperm were quite comparable to those in Nature. 

Next it was considered worthwhile to investigate 
the effect of removal of the calyx and corolla. When 
this was done, the growth of the ovaries always 
received a setback. Ovaries with calyx and corolla 
intact always outgrew those in which these organs 
had been removed. This confirms that they are not 
meant just to protect the essential organs but actively 
contribute to their development. 

When indolylacetic acid (5 mgm./l.) was added to 
Nitsch’s basic medium we obtained fruits (Fig. 1, 3) 
which were sometimes even larger than those set in 
Nature (Fig. 1, 2). Dissections of 2-week old ovaries 
showed normal embryo and endosperm. 

The addition of kinetin alone (ranging from 0-1 
to 0-6 mgm./l.) as well as in combination with 
indolylacetic acid (5 mgm./I.) also seemed to improve 
the growth of the ovaries only slightly. 

On the other hand, ovaries cultivated on Nitsch’s 
basic medium supplemented with 2,4-dichlorophen- 
oxyacetic acid (2-0 mgm./l.) and kinetin (0-5 mgm./].) 
(Fig. 1,4) showed arrested growth of both endosperm 
and embryo. Since growth in the kinetin medium 
alone is normal the retarding effect may be attributed 
to the 2,4-dichlorophenoxyacetic acid alone or 
possibly to the combined effect of 2,4-dichloro- 
phenoxyacetic acid and kinetin. 

The results described above show for the first 
time that not only the growth of the ovary but also 
that of the ovules can be maintained in an artificial 
medium. While the results achieved so far are 
significant, it remains to be seen whether unfertilized 
ovaries can also be grown to maturity along with 
concurrent growth of the ovules into viable seeds 
containing parthenogenetic embryos. 

This work was done under a scheme of research on 
the chemical stimulation of ovary and ovule financed 
by the Indian Council of Agricultural Research. We 
are indebted to Prof. P. Maheshwari for his guidance 
and to Dr. R. C. Sachar for his active co-operation. 


NirMALA MAHESHWARI 
Manowar Lar 


Department of Botany, 
University of Delhi, 
Delhi 8. 
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Formation of Oxalacetate and Aspartate 
from Phospho-Enol-Pyruvate in Spinach 
Leaf Chloroplast Extract 


W38I:E investigating the ability of water extracts! 
of spinach leaf chloroplasts to catalyse ‘dark’ carb- 
oxylation reactions, we have found that the addition 
of phospho-enol-pyruvate and 1*CO, to the colourless 
chloroplast extract causes the accumulation of 
labelled oxalacetate and labelled aspartate in the 
reaction mixture. Bandurski and Greiner’® using 
spinach leaves, Tchen and Vennesland*® using wheat 
germ and spinach leaves, and Utter e¢ al.‘ using bird 
liver, have described enzyme preparations which 
catalyse irreversible and reversible carboxylations of 
phospho-enol-pyruvate to oxalacetate. The forma- 
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Fig. 1. Fixation of “CO, into aspartate by phospho-enol-pyruvate 
and chloroplast extract in the dark. The composition of the 
reaction ture was as follows and the components were added 
in the order listed : 7'ris, pH 7°4,80 umol.in 0-4 ml.; magnesium 
sulphate, 10 wmol, in 0-1 ;. water, 1-1 ml.; phospho-enol- 
pyruvate, 6 #mol. in 0-2 ml.; chloroplast extract 1-0 ml. corre- 
sponding to 2 mgm. chlorophyll. The tube was stoppered and 

bon-14 labelled Na,CO, (3 x 10* ¢.p.m.) in 0-2 ml. 
injected through the rubber stopper by syringe 


3 vmol. 
tion of oxalacetate in our experiments indicates the 
presence of a phospho-enol-pyruvate carboxylase in 
the chloroplast. Aspartate can then be formed by 
transamination of oxalacetate. The rate of carbon 
fixation was increased when, in addition to phospho- 
enol-pyruvate, either alanine, glutamine or aspartic 
acid was added to the reaction mixture. 

Fig. 1 shows the time course of carbon fixation in 
an experiment with phospho-enol-pyruvate and 
chloroplast extract. At intervals, small samples were 
withdrawn from the rubber-stoppered reaction tube 
by syringe and added to equal volumes of 4 per cent 
trichloracetic acid solution. The extent of carbon 
fixation was estimated by counting aliquots of the 
acidified samples which had been plated on metal 
planchets and quickly dried under a heat lamp. 

Samples of the reaction mixture acidified at 60 min. 
were chromatographed on paper in two dimensions 
with the solvent systems phenol/water (80/20). and 
butanol/acetic acid/water (52/14/35). Radio-auto- 
graphs of these chromatographs showed only one 
radioactive spot with Ry of 0-19 in the phenol/water 
direction and 0-43 in the butanol/acetic acid direction. 
These co-ordinates suggested that the material in the 
radioactive spot was aspartic acid, and this was 
confirmed by co-chromatography with authentic 
aspartic acid. Like aspartic acid, the material when 
eluted was unchanged by heating at 100° C. in 2 N 
sulphuric acid for one hour or by treatment with 
alkaline phosphatase. 

It should be noted that the extent of carbon 
fixation as determined for the experiment in Fig. 1 
is underestimated to the extent that oxalacetate 
exists in the reaction mixtures. Oxalacetate is 
decomposed by the heat-drying treatment on metal 
planchets and loses its B-carbon as “CQ, ; it is into 
the £-position of oxalacetate that carbon dioxide is 
fixed during the enzymatic carboxylations of phospho- 
enol-pyruvate which have been described**. The 
fact that no spot corresponding to oxalacetate appears 
on the radioautographs is probably due to the 
decomposition of oxalacetate during the chromato- 
graphic procedures employed. 
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To determine the quantity of oxalacetate present 
in the reaction mixtures, samples were acidified with 
trichloracetic acid, a carbon dioxide—nitrogen mix- 
ture was bubbled through to remove trace amounts 
of #*CO,, carrier oxalacetate was added and the 
samples were decarboxylated with either aluminium 
ions’ or with aniline citrate’. The liberated “CO, 
was collected in a solution of sodium hydroxide, 
converted to carbonate, and counted on planchets. 
Results of such experiments showed that the radio- 
activity originally present and due to aspartate was 
not affected by the decarboxylation, and that oxal- 
acetate was formed in the reaction mixtures in 
concentrations about 1-3 times that of aspartate. 
Thus, the aspartate which was counted on heat- 
dried planchets represented only about four-tenths 
of the total carbon dioxide fixed. : 

When either glycerate-3-phosphate or glycerate-2- 
phosphate was added to the reaction mixture de- 
scribed earlier, oxalacetate and aspartate were 
formed but at a slower rate than when phospho-enol- 
pyruvate was used. The glycerate phosphates were 
probably first converted to phospho-enol-pyruvate 
by the action of glyceric acid mutase and enolase in 
the chloroplast extract. When either ribulose-1-5- 
diphosphate or ribose-5-phosphate plus adenosine 
triphosphate was added, and the reaction mixture 
chromatographed, labelled carbon appeared in both 
glycerate-phosphate and aspartate. In view of the 
fact that these substances are among the compounds 
formed when whole isolated chloroplasts fix carbon 
dioxide in the light’ and since Fuller and Anderson® 
suggest the importance of aspartic acid formation 
as an early photosynthetic event in photosynthetic 
purple sulphur bacteria, we find it interesting that 
carboxylations in chloroplasts can lead to the rapid 
formation of an amino-acid. 

We are indebted to Dr. Clinton Ballou for the 
sodium salts of phospho-enol-pyruvate and glycerate- 
2-phosphate. 
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Histogenesis of Osteoclastomata 


Two of the main problems concerning the histo- 
genesis of giant cell tumours of bones have been: 
(1) the nature and function of the giant cell—this 
has been variously classified as an endothelial cell, 
& foreign body giant cell, a megakaryocyte, an 
osteoclast or as a giant cell formed by agglomeration 
or fusion of stromal cells; (2) the histogenesis of 


the giant cell—the overwhelming consensus of 
opinion among the supporters and opposers of the 
osteoclast nature of the giant cell! suggests that the 
giant cells are formed from the spindle-shaped stromal 
cells. 
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In two cases of osteoclastomata recently in- 
vestigated I have observed a strong acid phosphatase 
in the cytoplasm of the giant cells. The stromal cells 
gave a negative reaction. The presence of this enzyme 
was demonstrated both with the lead phosphate and 
azo-dye coupling techniques. Inhibition by 0-01:M 
sodium fluoride excluded the possibility of non- 
enzymatic impregnation of the giant cells’. Using 
o-acetyl-5-bromoindoxy! as substrate for esterases, 
both the stromal and the giant cells were negative 
for these enzymes. 

These findings suggest that the giant cells are not 
in any way related to the stromal cells. It might be 
argued that the stromal cells are precursors of the 
giant cells with different enzyme reactions, but all 
the histochemical and biochemical evidence points to 
the fact that the enzyme systems of parent cells and 
their descendants are the same. 

It has also been stated that the giant cells, because 
of their apparent age, show signs of early degenera- 
tion*. Histochemically, however, it would appear 
as if the giant cells are very active cells (probably 
osteoclasts) and the stromal cells inactive with regard 
to phosphatase and esterase activities. 

Details concerning these findings and further 
experimental work will be published elsewhere. 

W. J. PEPLER 

Institute for Pathology, Beatrix Street, 

Pretoria. Oct. 10. 
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inhomogeneity of «-Casein from Goat 
Milk 

Ir is now known that «-casein from cow milk, 
which appears electrophoretically homogeneous under 
many different conditions, consists of at least two 
compounds which have been designated «- and 
k-casein!. «-Casein from goat milk, which has similar 
properties to that from cow milk* and the same 
phosphorus content*, showed signs of inhomogeneity 
during electrophoresis by the moving-boundary 
method?. Using zone electrophoresis on filter paper 
it has now been found that the a«-component of 
freshly prepared goat casein does consist of at least 
two electrophoretically distinct fractions which, until 
further characterization, will be called «,- and 
%-casein in order of decreasing electrophoretic 
mobility. 

The experiments were made with unfractionated 
casein, which was obtained in the usual way by acid 
precipitation, and with a-casein, which was prepared 
from it by Warner’s method‘, and had the same 
phosphorus and nitrogen content as «-casein prepared 
from cow milk. 

Electrophoretic runs were made on Whatman 
No. 3 paper with veronal buffer, pH 7-6, u = 0-1, 
at 3 V./em. for 15 hr. After staining with naph- 
thalene black 12B 200 the  electropherograms 
were scanned. The scanning patterns obtained 
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Fig. 1. Electrophoretic patterns of: A, unfractionated goat 
casein; B, a goat casein; C, unfractionated goat casein after 
treatment with alcohol and ether; D, unfractionated cow casein 


are shown in Fig. 1. The patterns of undried 
freshly prepared unfractionated casein and of 
a-casein showed the complete separation of the «, 
and «, peaks (Fig. 1,4 and B). However, after drying 
the caseins with alcohol and ether (the usual procedure 
for preparing them for storage), this separation no 
longer occurred (Fig. 1,C). The drying procedure 
presumably led to denaturation and thus to an 
aggregation of the «,- and «,-components which was 
irreversible, at least under the conditions of the 
experiment. This was borne out by a quantitative 
evaluation of the scanning patterns. The results are 
shown in Table 1. The dried casein contained 
approximately 42 per cent of the «- and 58 per cent 
of the 8-compound, while the fresh unfractionated 
casein contained about equal amounts of the «,- and 
%-components and 60 per cent B-casein. The relative 
amounts of the «- and the 8-fractions were slightly 
different from those found by Dovey and Campbell’, 
namely, 40 per cent a and 60 per cent 8 as against 
49 per cent a and 51 per cent 8. 

Freshly prepared «-casein from cow milk did not 
show this separation into two components under a 


Table 1. ELECTROPHORETIC DISTRIBUTION OF Cow AND GOAT CASEIN 
(IN PER CENT TOTAL PROTEIN) 
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variety of conditions of pH, buffer concentration and 
voltage gradient, although it is known to be inhomo- 
geneous‘. A scanning pattern of a typical experiment 
with unfractionated cow casein is included in the 
figure for comparison (Fig. 1,D). It shows that the 
mobility of the cow a-casein was intermediate 
between those of the goat «, and a, fractions, while 
the mobility of the B-caseins was approximately the 
same. This latter result is in agreement with the 
findings of Dovey and Campbell*. The quantitative 
distribution of the «- and 8-components of cow casein 
agrees reasonably well with that found by other 
authors. 

The distribution of the various components in the 
cow and goat caseins is quite different. While 
Waugh and von Hippel! found that cow casein 
consists of 55 per cent «-casein, 30 per cent B-casein 
and 15 per cent k-casein the present results for the 
goat protein show the presence of 19 per cent «,- 
casein, 21 per cent «,-casein and 60 per cent §-casein. 
It is hoped in further experiments to compare some 
of the chemical and physical properties of the various 
components of the caseins from the two species. 
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Reaction of Ethylene Bromide with 
Trimethylamine and the Neuromuscular 
Blocking Activity of Ethylenebis- 

(Trimethylammonium) 


ALTHOUGH the neuromuscular blocking properties 
of alkylenebis-(trimethylammonium) salts have been 
much studied since the important, simultaneous 
repurts of Barlow and Ing! and of Paton and Zaimis?, 
the relative potency of ethylenebis-(trimethylam- 
monium) (I) appears to have remained doubtful. In 
brief, I-dibromide, prepared by the reaction. of ethyl- 
ene bromide with trimethylamine, was reported to 
have unusually high activity comparable to that of 
tetramethylammonium (II)?*-*. This was most 
remarkable in that the C,, C, and C, bis salts were 
found to be almost inert. On the other hand, 
I-diiodide, prepared from ethylenediamine and 
methyl iodide®, was reported to display only a weak 
action, like that of its immediate bis-quaternary 
homologues?. 

It appeared probable to us that the source of the 
confusion was the chemical identity of the ethylene- 
bis-(trimethylammonium) tested. In particular, the 
reaction of ethylene bromide with trimethylamine 
has long been known® to produce a mixture of salt 
products. Moreover, neither Barlow and Ing?! nor 
Schueler® (whose salt was used by Thesleff and Unna‘) 
reported acceptable analytical data for the I-dibro- 
mide prepared by this method. It was therefore 
deemed of value to pursue this question further. 

Essentially as described', an ethanol solution of 
ethylene bromide and excess trimethylamine con- 
tained in a pressure bottle was heated for 12 hr. at 
80° to yield a mixture of salt products, purifiable 
only with difficulty. Repeated fractional crystal- 
lization afforded fractions with ionic bromine contents 
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ranging from 43 to 62 per cent. A fraction corre- 
sponding most closely with that obtained by Barlow 
and Ing was selected for study. It soon became 
evident that this material was not I-dibromide, but 
was apparently tetramethylammonium, (II)-bromide. 
Barlow and Ing reported no m.p. below 280° for their 
material. Our salt did not melt below 360° (copper 
block). In agreement with Lawson and Collie’, 
authentic II-bromide likewise did not melt below 
360°. Found: C, 31-55; H, 7-81; Br (ionic), 
51-23, 51-46. Found (Barlow and Ing’): C, 31:5; 
H, 7-9. C,H,.BrN (II-bromide) requires: C, 31-18; 
H, 7-85; Br, 51-88. On the other hand, C,H,.Br.N, 
(I-dibromide) would have required: C, 31-38; 
H, 7:25; Br, 52-21. It thus appears that Barlow 
and Ing’s salt and, no doubt, Schueler’s salt as well, 
was actually Il-bromide rather than I-dibromide, 
which would explain the published results. 

The II-bromide could have arisen via a trans- 
methylation process, for example : 
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@ 
Br—CH,CH,—Br + (CH,),N——~ Br—CH,CH,N(CH,), 


1 | 
(,H,OH::: ++ Br—CH,CH, CH, — CH, 
\le \ 
CH,—N—CH,—+ No  +(CH,)N® 
7 
(CH,),N: CH, ca, CH, 


The dimethylethylenammonium salt presumed to be 
formed in this reaction would, of course, react further 
to give other products. 

Authentic ethylenebis-(trimethylammonium) di- 
iodide was obtained by a two-step process. Exhaus- 
tive methylation of ethylenediamine by the Esch- 
weiler—-Clarke method afforded ethylenebzs-(dimethyl- 
amine), b.p. 120—-122° (lit. b.p. 121-121-5°). This, 
with excess methyl iodide in isopropyl alcohol 
solution in a pressure bottle, heated for 8 hr. at 75°, 
and the resultant precipitate washed with acetone 
and twice recrystallized from methanol, yielded 66 per 
cent of I-diiodide, decomposing with gas evolution at 
282° (lit. 265° dec.). Found: C, 24-28; H, 5-23; 
I (ionic), 62-96. C,H,.I.N, requires: C, 24-01; 
H, 5-55; I, 63-44. 

Neuromuscular blocking activities were determined 
on these and related salts in order finally to resolve 
the question. Tetramethylammonium bromide and 
decamethonium bromide were obtained from com- 
mercial sources. The other bromide salts were 
analytically pure samples prepared by standard 
procedures. 

The compounds were tested in mice using the 
inclined screen procedure of Thompson’, as modified 
by Hoppe*. 50-80 mice, run in groups of 5, were 
used for each determination (£D50 and LD50). Those 
mice which became paralysed and slid off the screen 
within 20 min. after the intravenous administration 
of the test compound were considered positive re- 
actors for calculating the HD50. The ZD50 values 
were calculated on the basis of deaths occurring 
within a 24-hr. period. The ZD50 and DD50 values 
were calculated by the method of Behrens!°. 

It can be seen from Table 1 that the Barlow and 
Ing salt (2x) has indeed high neuromuscular blocking 
activity comparable to that of tetramethylammonium 
(II). The fact that 22 seems to be roughly 50 per 
cent less effective suggests, perhaps not surprisingly, 
that it may not be quite pure II. Authentic C, salt, 
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Table 1. COMPARISON a LD50 AND ED50 VALUES OF 


POLYMETHYLENE spcoenemengapenanns Salts, 


(CH,),N*—(CH,)n—N(CH)s. 
(Results in terms of cation weight) 
n 2 22% 3 4 6 10 IIt 
LD50 21-7 0-99 42-5 73°8 10-5 0-46 0:79 
ED50 4-9 0-46 19-0 33-5 7-25 0-17 0-31 


* The material comparable to that of Barlow and Ing (ref. 1), that 
is, tetramethylammonium. 
¢ Authentic tetramethylammonium. 


however, has less than one-tenth the activity of 27 
and, in approximate agreement with Paton and 
Zaimis*, is a relatively weak agent of the same order 
of potency as its immediate homologues. 

Mention should be made of the very poor quantita- 
tive correlation between our mouse data for the 
C,-C, salts and that previously reported**. This 
may possibly be ascribed to differences in experi- 
mental techniques. The present results indicate 
that activity diminishes in a gradual, orderly fashion 
in going from the C, to the C, to the C, salt and that 
there is a minimum in activity at C,. With the 
premise that a primary factor in neuromuscular 
blocking efficacy is a favourable lipophilic—hydrophilic 
balance in the bis-quaternary ammonium cation", 
this behaviour could be a result of increased inter- 
action between juxtaposed charged nitrogens. As 
the linking chain is shortened from C, to C, to C,, 
the cationic groups act progressively less like two 
independent ions and approach, in effective physico- 
chemical behaviour, a single doubly-charged ion in a 
single solvent cage; it is suggested that this effect 
more than counterbalances the concomitant (dis- 
advantageous) loss in lipophilic bulk. 

We are grateful to Dr. C. J. Cavallito for his 
interest in and criticisms of this work. 


ALLAN P. Gray 
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Activation of a Permeability Factor in 
Plasma by Contact with Glass 


It has been shown previously that contact of 
blood plasma with glass and with certain other 
surfaces leads to the formation of an unstable sub- 
stance which accelerates coagulation’. This reaction 
was found to be similar to the production of a uterus- 
stimulating and pain-producing substance by glass 
contact®. Subsequent work showed that both these 
changes are induced by a common initial reaction in 
which an inactive precursor is converted into an 
active agent referred to as the ‘contact factor’*. The 
purpose of the present communication is to demon- 
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strate that yet another biological activity is induced 
in cell-free plasma or serum by contact with glass. 
The investigation was suggested by the work of Miles 
and Wilhelm, who found that a substance which 
increases capillary permeability (permeability factor) 
is formed when plasma or serum is diluted with 
physiological saline‘. 

Blood was obtained from guinea pigs by cardiac 
puncture under ether anzsthesia. Cell-free, citrated 
plasma was obtained by the method previously 
described!. Cell-free serum was prepared as follows : 
blood collected into chilled tubes was centrifuged at 
3,000 r.p.m. for 30 min. at 0°C. The upper two- 
thirds of the plasma were carefully removed and 
allowed to clot at 37° in siliconed tubes, the successive 
crops of fibrin being removed with a wooden applica- 
tor. The resulting serum was mixed with 20 per cent 
trisodium citrate (0-2 ml./5 ml. serum). Throughout 
all operations involving the collection of blood, con- 
tact of plasma and serum with glass was avoided by 
using siliconed apparatus. The samples were activated 
by rotation with an equal weight of glass ‘ballotini’ 
(surface area 200 cm.?/gm.) and tested without delay. 
Permeability experiments were conducted according 
to methods of Miles and Wilhelm‘: albino guinea 
pigs were ‘blued’ by intravenous injection of pont- 
amine blue (50-70 mgm./kgm.) and injected intra- 
dermally with 0-1 ml. amounts of the test prepara- 
tions. The degree of induced permeability was 
assessed by measuring the diameter and estimat- 
ing the intensity of blueing around the site of 
injections 8-10 min. after administration of the test 
substances. 

In most of the guinea pigs samples of plasma or 
serum which had not been in contact with glass 
produced only slight blueing, 1-4 mm. in diameter. 
A small proportion of animals showed a more intense 
reaction with homologous, but not with autologous, 
samples. This was, presumably, due to individual 
incompatibility and these animals were not further 
used. Samples exposed to glass ballotini produced 
an area of moderate to intense blueing 6-10 mm. in 
diameter which began to appear within 3 min. of 
injection and reached maximal intensity within 
10 min. Serum was usually more effective than 
plasma. The greatest effect was obtained after 
approximately 2 min. contact with glass. Removal 
of the ballotini at this time was followed by a rapid 
decay of activity which fell to pre-activation level 





Fig. 1. Effect of citrated serum on permeability: Left, non- 
: aluminium hydroxide. Glass 


: with 
contact, from top to bottom: 0 min., 2 min., 20 min. Photo- 
gra) 


phed 20 min. after injections 
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Table 1. Errgct oF GLASS CONTACT ON THE PERMEABILITY-INDUCING 
ACTION OF CITRATED SERUM (RESULTS READ 8 MIN. AFTER EACH 
ADMINISTRATION) 

Diameter and intensity 
Treatment of serum samples of blueing 
Glass, 0 min. 2 mm. (+) 
Glass, 2 min. | 8 mm. (++) 
Glass, 2 min., then silicone, 4 min. 2 mm. (+ 
Glass, 10 min. 5 mm. + 
Glass, 20 min. 3 mm. et 














within a further 3-5 min. This instability made it 
necessary to test the glass-treated samples with the 
minimum of delay. Continued exposure to glass 
led to the complete and irreversible exhaustion of 
activity within 20 min. (Table 1, Fig. 1). When 
plasma or serum were pre-heated at 56° for 20 min. 
activation was not affected but decay and exhaustion 
were slowed. Heating above 60° prevented activa- 
tion by glass. Adsorption with aluminium hydroxide 
produced no change in response (Fig. 1). The reac- 
tion did not occur if soybean trypsin inhibitor (Light 
and Co., cone. 1 mgm./ml.) was added before or 
immediately after contact with glass. 

These observations are very similar to those on 
the initiation of clotting and the formation of pain- 
producing substance. They suggest that the agent 
which induces permeability is activated by the same, 
or & very similar, mechanism. The relation between 
the permeability factor which is activated by glass 
on one hand and by dilution on the other is not 
yet clear. We know that dilution of plasma also 
accelerates clotting® and liberates a pharmacologically 
active substance similar to pain-producing sub- 
stance*. It may therefore be significant that, after 
the plasma has been exhausted by contact with 
glass, its dilution no longer leads to the forma- 
tion of uterus-stimulating substance (unpublished 
observations). This suggests that contact with 
glass and dilution may act on the same plasma 
components. 

I am indebted to Prof. C. A. Keele and Prof. A. A. 
Miles for their kind help and advice, to Dr. G. 8. 
Dawes for the facilities at the Nuffield Institute, 
where this work was begun, and to Mr. J. Charles 
for technical assistance. The work was supported by 
a research grant from the Royal Australasian College 
of Physicians. 

J. Marcouis 


Pharmacology Department, 

Middlesex Hospital Medical School, 
London, W.1. 
Nov. 21. 
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2 Armstrong, D., Jepson, J. B., Keele, C. A., Stewart, J. W.,J. Physiol., 
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a-Picoline from Rumex obtusifolius L. 


a-PIcoLINnE has been isolated from the leaves of 
the dock, Rumez obtusifolius L. There are isolated 
instances where pyridine and simple derivatives have 
been found to occur in Nature, for example, pyridine 
in Aplopappus hartwegi' and 3-methoxypyridine in 
Equisetum arvense*. This would appear to be the 
first record of the presence of «-picoline in a natural 
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source. The base was isolated in 0-1 per cent yield 
from an aqueous extract of the leaves and charac- 
terized as its hydrochloride (m.p. 200° anhydrous), 
picrate (m.p. 165-166°) and methiodide (m.p. 226- 
227°). 
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Interaction of Hormone and Photoperiod 
in an Early Variety of Rice 


THE interaction of hormone and photoperiod has 
been studied in cocklebur'-*, Biloxi soybean® and 
Orchad grass*. In the present investigation the effect 
Table 1. LENGTH OF THE VEGETATIVE GROWTH PERIOD AND OTHER 


CHARACTERISTICS OF VEGETATIVE GROWTH AT THE FINAL STAGE 
(AVERAGE OF TWENTY-FOUR PLANTS) 
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were given the short photoperiod as in series 2. In 
series 4, plants remained as untreated controls. The 
results are shown in Tables 1 and 2. 

Analysis of the data shows that : 

(1) Ear emergence was significantly delayed in the 
plants which were subjected to simple «-naphthyl- 
acetic acid treatment, and in those where this was 
followed by short photoperiod. The delay was more 
in the latter case than in the former, that is, the 
effect of the short photoperiod was additive to that 
of the hormone. Possibly this is due to the formation 
during the photoperiodic treatment of a substance 
or substances the influence on flowering of which is 
similar to that of the hormone itself. 

(2) With regard to vegetative growth the plants 
subjected to the short photoperiod alone showed, in 
later stages, increased tillering and formed a larger 
number of leaves, though the elongation of the shoot 
was not much affected. Where the treatment con- 
sisted of only soaking the seed in hormone the plants 
in general showed less vegetative growth, while 
where the hormone treatment was supplemented 
with the short photoperiod the plants treated with 
a-naphthylacetic acid exhibited the greatest vegeta- 








Total tive growth and plants treated with B-indolylacetic 
| No. of | No. of | No. of | No. of | Height acid the least. a 
ays ers | green | leaves r (3) Grain yield was significantly higher in plants 
t to ear Tr leaves | on the jant ° . . ° ° . 
ca tie emorg- | plant | per’ | main | (om.) which were treated simply with -indolylacetic acid 
ence plant | shoot solution and in those which were given the «-naphthyl- 
| Seed soaked with : ee aE ad Se acetic acid treatment plus the short photoperiod. 
| ITAA . . . . . ) 2 
Te Bs Be In general, the plants given the short photoperiod 
TIBA 82-96 | 5°58 | 20-54 8°63 | 68-35 exhibited better grain yield than those grown with 
IAA plus 8-hr. a natural day-length. 
. : 21 | 10-29 71 d s ‘ ‘ f 
NAA plug S-hr. mavens Dodo Me: sig (4) The higher grain yield is due mainly to a 
gy oe 91-08 | 9-17 | 38°88 | 12:50 | 65-92 larger number of panicles and to a better percentage 
us o-nr. * * 
photoperiod. 89-04 | 7-21 | 30-63 | 10-92 | 62-65 of grain setting. . : 
oe photoperiod s2-75 | 7-88 | 27-50 | 11-08 | 70-60 We thank the Utkal University for the award of 
Controls 78-25 | 6-54 | 23-08 | 9-50 | 71-88 a Government of India Senior Research Scholarship 
| to one of us (G. S.), the Jnan Vijnan Parishad 
Table 2. GRAIN YIELD AND ITS COMPONENTS 
Grain yield No. of Length of No. of No. of Percentage 1,000 grains 
Treatment per plant panicles panicle spikelets per grains per of grain weight 
| (gm.) per plant (cm.) panicle panicle setting (gm.) 
| Seed soaked with : 
| IAA 2-80 4-33 17-43 74°59 45-30 60-73 14-25 
| v 2-57 4-17 17-36 76°52 46°27 60 38 13-45 
| TIBA 2-42 3-96 17-99 78-98 44-66 56-49 3-54 
IAA plus 8-hr. photoperiod 2-81 4-83 17-42 63 32 42-55 67-55 13-65 
| NAA plus 8-hr. photoperiod 3-64 5-21 18-18 66°78 51-56 77°43 13-59 
TIBA pins 8-hr. Fratenarios 2-38 4-20 17-07 64-00 43°34 68 -69 12°74 
8-hr. photoperiod alone 2-84 4°63 17-86 67°48 44-97 66 -67 13 -67 
Controls 2-20 4-46 7°83 82-74 35-98 43°75 13-59 





























of the hormones in relation to photoperiodism has 
been studied in an early variety of rice, N136, which 
has been found to be intermediate in its photoperiodic 
behaviour’. Graded seeds of this pure strain were 
soaked on December 10, 1956, with 500 p.p.m. of 
the three plant-growth substances, f-indolylacetic 
acid (LAA), «-naphthylacetic acid (NAA) and 2,3,5-tri- 
iodobenzoic acid (TIBA), for 72 hr., a treatment 
which was found to be effective in earlier studies®.*. 
The grains were next thoroughly washed in water 
and sown in earthenware pots containing a mixture 
of loamy garden soil and cow-dung manure. The 
pots were divided into two series. In series 1 the 
plants simply grew after the initial hormone seed- 
treatment. In series 2 the plants also received an 


8-hr. photoperiod (6 a.m.—2 p.m.) from the twenty-first 
day until panicle emergence. Two other series of 
unsoaked seeds were used. 


In series 3 the plants 





Fund for a grant-in-aid, and Prof. B. Samantarai 
for providing facilities for carrying out this investi- 


gation. 
G. Misra 
G. Sanu 
Department of Botany, 
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Cuttack 3, 
India. 
Sept. 26. 
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Elimination of Dialysis in the Preparation 
of Hydrophobic Sols 


THE preparation of hydrophobic colloidal solutions 
by double decomposition, as, for example, 
AgNO, + KI — AgI + KNO, 


is greatly complicated by the elaborate process of 
dialysis necessary to remove the unwanted electrolyte, 
in this case potassium nitrate. The sols purified by 
electrodialysis usually contain a considerable quantity 
of polyvalent ions, drawn from the water used in 
the dialysis into the colloidal solution. These ionic 
contaminants are strongly adsorbed to the sol 
particles and it is often difficult to eliminate them. 

The following procedure, tested in our laboratory 
with good results, avoids the formation of a foreign 
electrolyte and therefore avoids subsequent dialysis. 

A cation exchange resin (‘Dowex’ 50) was loaded 
with 200 m.equiv. silver ion by treating the hydrogen- 
exchange resin with a solution of 200 m.mol. of silver 
nitrate. 

RH + AgNO, — RAg + HNO, 

In order to eliminate the electrolyte (nitric acid) 
the resin was washed several times with distilled 
water. 

Then 1 litre of solution containing 200 m.mol. of 
potassium iodide was added to the silver resin ; at 
once a colloidal solution of silver iodide was formed. 


RAg + KI — RK + Agl 


The reaction being complete, a highly concentrated 
sol (about 200 m.mol. silver iodide/l.) was obtained 
in one operation. 

Conductivity measurements showed that it contains 
very little electrolyte (c = 3-1 x 10-° ohm- cm.~?), 
which compares favourably with the degree of purity 
of electrodialysed sols ; the risk of contamination of 
the sol by polyvalent ions was excluded. The 
stability of the sols thus prepared was also excellent. 

This sol, which we called a potassium sol (the 
counter-ions of the sol particles are formed by potas- 
sium ions), can be converted in a hydrogen sol or a 
barium sol by sending it over a cation-exchanger 
saturated with hydrogen or barium ions. 

P. NaGELs 

Physical Chemistry Laboratory, 

University of Ghent. 
Nov. 20. 


Separation, Detection and Estimation of 
C2! 17 : 20-Dihydroxy-20-methy!-steroids 


A NuMBER of C21 steroids characterized by the 
7 : 20-dihydroxy-20-methyl side-chain at C17 have 
been isolated from the urine of normal people’? and 
from the urine of patients with adrenocortical hyper- 
plasia* or adrenocortical tumours‘ (see Table 1). The 
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separation and identification of members of this 
group of steroids is necessary for the study of their 
normal and abnormal metabolic formation and 
excretion ; the following is a method which is capable 
of separating, detecting and estimating quantitatively 
all such urinary steroids so far isolated. 

The known steroids of this series are detectable 
on dried paper chromatograms using the 70 per cent 
phosphoric acid test described for pregnane-3« : 17a : 
20a-triol-ll-one’ and pregnane-3« : 17a : 20«-triol‘. 
The results of the colour test on the 17 : 20-dihydroxy- 
20-methyl-steroids are shown in Table 1. An approx- 
imate estimate of the amounts of such steroids on a 
paper chromatogram may be obtained from the 
intensity of the colour or fluorescence and the size 
of the spots. The relative sensitivity of the 
colour test for the different steroids is indicated in 
the table; amounts of up to about ten times the 
minimum can be judged from the intensity and size 
of spot. 

Some of the compounds in Table 1 have been 
separated on paper chromatographic systems of the 
Zaffaroni type’ (compounds I and V) or the Bush 
type* (compounds I, II, III). Paper chromatographic 
studies of mixtures of all the steroids I-VI have 
shown that complete separation of the compounds 
is possible in a descending chromatogram, run with 
the solvent system benzene/formamide for 12 hr. on 
a 35-cm. long Whatman No. 1 paper at 25°C. The 
rates of movement of the steroids relative to pregnane- 
3a:17«:20«-triol are shown in Table 1. Com- 
pounds II and IV move closely together, but under 
the above conditions separate completely ; the largest 
amounts of each steroid used in these tests corre- 
sponded to about 12 uygm./em. width of paper. Mixed 
with neutral chloroform extracts, prepared from 
urine treated with §-glucuronidase preparations for 
hydrolysis of steroid conjugates, compounds I-VI 
continued to give satisfactory chromatographs and 
moved at the same relative rates as were found with 
the pure steroids. 

A general method for the estimation of 17 : 20- 
dihydroxy-20-methyl-steroids and its application to 
urinary extracts has been described’; this method 
is based on the formation of acetaldehyde from the 
Ci7 side-chain of these steroids (‘acetaldehydogenic 
steroids’) when oxidized with periodic acid. As 
steroids with other C17 side-chains are not estimated 
and do not interfere in this estimation, it is particu- 
larly suitable for the assay of the steroids listed in 
Table 1, after their separation by paper chromato- 
graphy. It has been found that this estimation of 
‘acetaldehydogenic steroids’ may be carried out 
without modification directly on dried portions of 
paper chromatograms (benzene/formamide system) ; 
elution of the steroids from the paper prior to oxida- 
tion is not necessary. Amounts of steroid down to 
about 2 ugm. can be estimated quantitatively on the 


paper. 
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Table 1. 
| 
Movement of steroid on After heating on paper with 70 per cent phosphoric acid 
chromatogram in solvent 

Steroid | system benzene/formamide Fluorescence in Minimum amount 

relative to steroid Colour in daylight | ultra-violet light | clearly detectable 
= 1-00 (3660 A.) (ugm./sq.cm.) | 
I Pregnane-Sa : 174 : 202-triol 1-00 Purple Pink 1-2 
II Pregnane+3a : 17a : 208-triol 1-22 Purple Violet—pink 1-2 | 
III Pregn-: iwene-32 17a : 20a-triol 0-91 Purple Yellow 2-4 } 
IV Allopregnane-3a : 17a : 2Ua-triol 1-14 Purple Pink-brown 1-2 
V_ Pregnane-8a : 174 : 20a-triol-11-one 0-24 None Blue-violet 0-3-0 °6 | 
VI Pregnane-8a : 11B : 17e : 20a-tetrol 0-1 Purple Pink 1-2 | 
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The above technique provides 3 complete method 
for the separation, detection and estimation of the 
known urinary 17 : 20-dihydroxy-20-methyl-steroids. 
Use of the method in estimating these steroids and 
in detecting new compounds in the urine of normal 
and diseased people will be described in detail 
elsewhere. 

I acknowledge a grant from the New South Wales 
State Cancer Council, and thank Prof. C. W. Emmens 
for his interest in this work. Drs. Gallagher and 
Hirschmann and Prof. G. F. Marrian kindly gave 
steroids. 

R. I. Cox 
Department of Veterinary Physiology, 
University of Sydney. 
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A New Reaction for the Differentiation 
of cis- and trans-lsomers of Nitrophenyl- 
hydrazones of some «-Keto Acids 


RECENTLY, it has been reported by several investi- 
gators that there exist cis- and trans-isomers in 
2: 4-dinitrophenylhydrazones of pyruvic acid! °, 
benzoylformic acid® and a-keto-8,6-dimethyl- y-buty- 
rolactone* as shown in (I) and (II) respectively. This 
was supported by infra-red spectra, since the wave- 
numbers of the stretching bands of CO and NH of 
the cis-form, were smaller than those of the trans-form. 
Our interest in the structures of the isomers of these 
hydrazones has led us to the discovery of a new 
chelating reaction, capable of differentiating the two 


forms. 
NO, NO, 
A . 
“tie JN08 
N—N NH 
Beis My al 
H C—R N 
i, ae 
o=¢ C—R 
| fe 
OH o=C 
bu 
(I) (IT) 


When 0-1 gm. of zine powder was added to a 
mixture of 10 umoles of nickel chloride and 30 umoles 
of the cis-hydrazone in 5 ml. of 70 per cent aqueous 
ethanol (the reaction never occurred in absolute 
alcohol) and shaken for a few minutes, a red colour 
appeared. This did not happen with the trans- 
hydrazone. Maximum coloration was obtained at a 
3: 1 molar ratio of hydrazone to nickel. No coloration 
was produced when the nickel chloride solution was 
added to a hydrazone solution which had been shaken 
with zine powder and then filtered to remove the 
powder. From these facts, the coloration is presumed 
to result from chelation of nickel with the carboxyl 
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group and with a metastable group produced by the 
reduction of the nitro group. Nickel was found to 
be replaceable by cobalt, iron and mercury. These 
colouring reactions were also observed with several 
other nitro-compounds (Table 1). The shifts in the 
value of Amax, on chelation with nickel were as 
follows. Pyruviec acid 2 : 4-dinitrophenylhydrazone : 
cis, 370 my to 380 my; trans, 356 my to 358 mu. 
Benzoylformic acid o-nitrophenylhydrazone: cis, 
425 mu to 447 my; trans, 412 my to 365 my. The 
chelated compounds of the cis-forms showed more 
intense absorption in the longer wave-length region 
than those of the corresponding trans-forms. 


Table 1. CoLOUR REACTIONS WITH SOME NITROPHENYLHYDRAZONES 
AND NITROPHENOLS 


o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 


Colouring 
Compounds _ reaction 

2 : 4-Dinitrophenylhydrazone of pyruvic acid pon Sh + 
Be + ‘Dinitrophenyihydrazone of benzoylformic pd ia re 
o-N loachsaeiRintinsiiet of benzoylformic acid } = 
m-Nitrophenylhydrazone of benzoylformic acid en = 
p-Nitrophenylhydrazone of benzoylformic acid 

~ 


Judging from the results shown in Table 1, the 
presence of a nitro-group at the ortho position in 
the benzene ring is indispensable for this colour 
reaction. Furthermore, this colour reaction is 
confined to a-keto acids, in which the nitro- and 
carboxyl-groups aré situated in positions suitable for 
chelating around the nickel atom. Thus in the hydra- 
zones of symmetrical keto acids only that of mesoxalic 
acid («-keto acid) shows a positive reaction, whereas 
acetonedicarboxylic acid (f-keto acid) and y-keto- 
pimelic acid (y-keto acid) give a negative reaction. 

This reaction can be used to differentiate the 
geometrical isomers of 2 : 4-dinitrophenylhydrazones 
of a-keto acids, but it is less effective if the hydrazone 
isomerizes rapidly. 

Hrrownrko Katsuki 
Koércureé Sumizu 
Tarumi Morriwaki 
SxH6z6 Tanaka 
Department of Chemistry, 
Kyoto University. 
Icurr6 HayasuHi 
Laboratory of Organic Chemistry, 
Osaka Women’s University, 
Japan. 
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The a-8 Transformation in Keratin 


Bernvit! has recently underlined the necessity for 
refinement of some of the earlier ideas? on the 
mechanism of the a—$ transformation in wool keratin. 
The problem of a precise quantitative investigation 
of the transition is difficult, largely because of the 
intervention of relaxation and creep, the effects of 
which on the crystalline phases are unknown. Re- 
cently*, a technique for obtaining the desired diffrac- 
tion data in a short time has been described, and its 
use, together with standard diffractometric technique, 
has enabled some interesting preliminary results 
about the transformation to be obtained. 
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In view of the importance which knowledge of this 
mechanism has in a wider context it is thought worth 
while to record a summary of the conclusions from 
X-ray and related elastic data. It must be under- 
lined that some of the assumptions on which the 
deductions are made may be suspect; but in the 
light of consistent correlationships with other factors 
they appear quite reasonable. 

The following, then, is a tentative summary of 
the salient features of the transformation, the 
stretching being carried out in water at 50° C., 
sufficient time being allowed for relaxation to be 
nearly complete before the X-ray results were obtained. 

A quantitative X-ray investigation of the a-{ 
transformation in Lincoln wool keratin has been 
made using a Hilger double-beam diffractometer. It 
is deduced that the reaction proceeds through an 
intermediate phase 6* of less order than either the 
« or 8 phases according to the scheme 


a2B*= Bp 


The regions which contribute to stress during the 
transformation are only slightly perturbed from the 
crystallographically well ordered. 

There is a close correlation between the elastic 
properties and changes in discrete X-ray diffraction 
intensities. 

The « phase, representing approximately 60 per 
cent (linear measure) of the fibre, is in series with a 
less extensible y phase, which requires severe disul- 
phide bond fission to enable it to be strained ; these 
phases being those referred to as « and y keratose 
elsewhere‘. 

It is suggested that the broad diffuse equatorial 
reflexion about 10 A. is a doublet formed from two 
reflexions the values of which are 10-7 A. and 9-55 A. 
The first reflexion is variable and probably relates 
to the assumed helical structure’, while the second 
is invariant and may be caused by the y keratose. 

The extensibility predicted for the « phase (0-88) 
is in fair agreement with that observed? (1-27). The 
fraction of 8 material present at an extensibility x is 
given by 

8 = 1-225 + 0-0816 

Tho essential feature of the initial change is a 
hydration effect accompanying chain straightening 
according to the scheme 


0... A A ; Bede 
Hocscne te or 
| eeoee: Ge 
_ ae. ». e 


Interchain hydrogen bonding is initially absent in 
the 8 form but appears after steam-setting and 
prolonged relaxation. The difference in entropy 
between the a and 8 phases is small. The entropy 
contribution to load deduced from the X-ray data 
agrees with direct measurements’. The difference in 
energy between the « and § phases is 1-45 keal. 
gm.mol.-*. Potential barriers of approximately 
20 keal. gm.mol.-* and 260 keal. gm.mol.-* exist for 
extensions from ~ 0-30 and ~ 30-60 per cent. 
Both relate to a helical transformation. Above these 
extensions an’ exceedingly high barrier must be 
overcome under normal conditions, due to the neces- 
sity to deform the y phase. 
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Observations from supercontraction experiments’ 
are also compatible with the present phase structure. 

An extended account of this investigation is at 
present being prepared for publication. 

A. R. B. Skertcuiy 
Textile Physics Research Laboratory, 
University of Leeds. 
Dec. 6. 


’ Bendit, E. G., Nature, 179, 535 (1957). 

® 935)” and Woods, H. J., Phil. Trans. Roy. Soc., A, 232. 

* Skertchly, A. R. B., Nature, 180, 802 (1957). 

‘Alexander, P., and Smith, L. F., Proc. Int. Wool. Res. Conf. 
(C.S.1.R.O., Australia, 1955). 

* Pauling, L., and Corey, R. B., Nature, 171, 59 (1953). 

* Woods, H. J., J. Colloid Sci., 1, 407 (1946). 

* Whewell, C. S., and Woods, H. J., Symposium Fibrous Proteins 
(Soc. Dyers and Colourists, Bradford, 1946). 
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Polynuclear Aromatic Compounds 
in Coal 


IN a recent communication, Friedel’ compared 
the specific extinction coefficients of coal at two 
wave-lengths with those of various polynuclear 
aromatics and found the values for coal (a Pittsburgh 
vitrain containing 84 per cent carbon) 30-40 times 
lower than those for the model substances. From 
these data Friedel concluded that the concentration 
of polynuclear condensed aromatics in coal is low. 

In our opinion, the reason for this great difference 
lies in the fact that coal is a very complicated mixture 
of aromatic compounds. The extinction values of 
the aromatics quoted by Friedel are the peak values 
of the strongest band in the spectra of single com- 
pounds. The extinction at wave-lengths off the peak 
is often 10-100 times smaller, so that in a complicated 
mixture in which all the components have bands at 
different wave-lengths the average specific extinction 
coefficient is much below the peak values for the 
single components. The spectrum gradually loses its 
band structure as the mixture becomes more com- 
plicated. The specific extinction of these complicated 
mixtures at a certain wave-length will depend mainly 
on the average number of condensed aromatic rings 
per moiecule. 

We compared Friedel’s results on Pittsburgh coal 
with the absorption values of a mixture of twenty- 
three polynuclear aromatic compounds and of two 
pitch fractions. The specific extinction coefficients K 
(in litre/gm. em.) for the two wave-lengths quoted in 
ref. 1 are stated in Table 1. 

The mixture was prepared by mixing equal 
amounts by weight of the compounds mentioned in 
Table 2. The average number of aromatic rings per 
molecule is 4, The spectrum of this dark brown 


Table 1. SPECIFIC EXTINCTION COEFFICIENTS OF COAL COMPARED 
WITH THOSE OF PITCH FRACTIONS AND A MIXTURE OF POLYNUCLEAR 
AROMATICS 


1 





No. of K in litre/gm. cm. 
aromatic 
rings | 4000 A. | 4920 A. 








Mixture of 23 aromatic com- 
pounds (see Table 2) 4 5-2 0-4 
Pitch fraction M = 249 6-1 12 1-7 
Pittsburgh vitrain, 84 per 
cent carbon, according to 


Friedel (ref. 1) 5-6 10 5°6 
Pitch fraction M = 587 6:7 27 11 
Peak values for Friedel’s 

model substances (ref. 1) 

(violanthrene, dibenzo- 














pyrene) 295 200 
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Table 2. COMPONENTS OF THE MIXTURE OF TWENTY-THREE AROMATIC 
ComMPOUNDS 


No. 4609 


i Diphenyl 
En ane 


spheny! 


3 
a1: coe 


33° p-Truxene 


; lene 
9, 1,2,5,6-Dibenzanthracene 
10, Difiuorenyl 
11, 2,6-Dimethyinaphthalene 





mull was taken in a cyclohexane solution at a con- 
centration of 0-1 and 0-01 gm./l. (Fig. 1). 

The pitch fractions were prepared in our laboratory 
by Mr. F. J. Huntjens by fractional precipitation 
from a chlorobenzene solution with petroleum ether. 
The ebullioscopic average molecular weights M are 
listed in Table 1. The spectrum of the low molecular 
weight fraction was taken in a n-heptane solution, 
that of the high molecular weight fraction in a 
benzene solution, both solvents containing 0-3 per 
cent by volume of pyridine. In both cases the con- 
centration was about 0-01 gm./l. (see the spectra, 
Fig. 1). 

The number of aromatic rings per structural 
unit was determined by refractometric constitution 
analysis*. The number of aromatic rings for the coal 
sample is that of a pure vitrinite with the carbon 
content as mentioned’. 

The peak values of the model substances used by 
Friedel for the wave-lengths 4000 and 4920 A. are 
also included in Table 1. 

From the collected data it is seen that in the 
4000-5000 A. region the specific extinction of coal is 
in good agreement both with those of the two pitch 
fractions and with that of the mixture of polynuclear 
aromatics, all having a comparable number of 
aromatic rings per structural unit or per molecule. 


250 | 


Specific extinction coefficient 
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On the other hand, it may be anticipated that a 
complicated mixture of 9-ring aromatics (such as 
violanthrene) will have a higher extinction at 
4920 A. However, such a mixture should not be 
compared with a coal sample having only 5-6 rings 
per unit, corresponding to a carbon content of 84 
per cent. 

Therefore, it must be concluded that Friedel’s 
extinction data provide no evidence for a low content 
of polynuclear aromatics in coal. 


D. W. van KREVELEN 
M. P. GrRoENEWEGE 
B. J. Ri®etvELD 


Central Laboratory, 
Staatsmijnen, 
Geleen, 

The Netherlands. 


1 Friedel, R. A., Nature, 179, 1237 (1957). 
2 van Pm arn D. W.,and Schuyer, J., “Coal Science”, 164 (Elsevier, 
Amsterdam, 1957). 
* van Krevelen, D. W., and Schuyer, J., “Coal Science”, 176 (Elsevier, 
Amsterdam, 1 195 7). 


Identification of M-Regions on the Sun 


From observations of magnetic disturbances on the 
Earth, Bartels the existence of M-regions 
on the Sun. Attempts have been made to associate 
these M-regions with other solar phenomena. Allen* 
tried to show that coronal streams and M-regions are 
identical ; he also concluded that M-regions avoid 
spot groups or are even destroyed by them. This 
conclusion was implicitly modified by the results of 
Denisse* and Becker‘. Identification of M-regions 
with regions of unusually weak corona emission was 
recently suggested by Bell and Glazer’. Kiepen- 
heuer* arrived at the conclusion 
that filaments are the possible 
source of M-disturbances. As 
a result of measurements of the 
solar magnetic field, Babcock 
and Babcock’ believed that the 
observed unipolar magnetic re- 
gions are M-regions. With these 
measurements M-regions may 
have ceased to be hypothetical 
in character. Whether or not this 
is so, itis still of interest to continue 
the study of M-regions relative 
to other solar phenomena. 

I have investigated M-regions 
in their relationship to sunspots. 
A phase lag method was used. It. 
consists of the analysis of cross- 
correlograms obtained from daily 
values of the final Zurich sunspot 
number Z and the planetary K- 
index, XKy. Both variables are 
known to have a pronounced 
periodicity due to the rotation of 
the Sun. With certain assump- 
tions regarding constant mean 
time of travel of particles and a 
prevalence of their radial emission. 





3,500 
Wave-length (A.) 


2,500 8,000 4,000 


Fig. 1. one rele tra of two itch fractions and a mixture of aromatic a, 
. fracti ar = fraction 249; 


x M = 
23 aromatic compounds (see Table 2) 


from the Sun, the lag be- 
tween Z and &Ky data can be in- 
terpreted in terms of a displace- 
—— ment in solar longitude between 
Z- and M-regions. 
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larity was a necessary but 
not sufficient condition for 
the interpretation of the 
phase lag as given by the 
position of the maximum of 
r in terms of the longitudinal 
displacement of M-regions 
and sunspots. Ascertaining 
that the position of the max- 
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*(Z, XKp) (180 pairs of daily values) 
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4 
4 (annual mean) 


imum of r is not attributed 
to few extreme values of Z 
and &Kp, cross-correlograms 
of running means of five 
were used for comparison. 
They revealed much larger 
magnitudes of r. Provided 
the previous distributions of 
r were regular, the identical 
displacements of the max- 
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Fig. 1. Variations during the sunspot cycle of the correlation coefficient r of daily values of the 
geomagnetic index 2» and the final Zurich sunspot number Z with six-month correlation intervals 


Correlation intervals of six months were chosen. 
The period between 1940 and 1954 was investigated 
by obtaining successively overlapping correlation 
coefficients r in ten-day steps. The r-distribution 
throughout this period is shown in Fig. 1. Values 
are positive as well as negative. Neglecting for the 
moment that one is dealing with time series and not 
with randomly selected pairs, each value of r is 
determined by the ‘true’ correlation between the 
variables and by the trend due to their periodicity. 
The latter contribution is in principle invariant to 
displacements which are multiples of the period of 
synodic rotation. A reliable interpretation of the 
variations of r with the sunspot cycle, as shown in 
Fig. 1, is therefore difficult. This difficulty is also 
amplified by the questionable validity of tests of 
significance for correlation coefficients between time 
series. It is possible, however, to study the phase 
relationship between the variables involved. In this 
case considerations of statistical significance can be 
circumvented by obtaining cross-correlograms and 
selecting those which are regular so that the locus of 
r is @ smooth and periodic curve. Z-data were 
therefore made to lag with respect to Ky-data from 
—10 to +35 days in one-day steps. 558 such cross- 
correlograms were obtained. Their periodic regu- 
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¢ M-region 





+o -90° 


Ceazrees of 0 
sor fixed mean ition 
yous qf ares. 


Fig. 2. Longitudinal mean displacement between sunspots and 
M-regions 





ima of r were considered 
further evidence for a sig- 
nificant determination of the 
longitudinal displacement 
between sunspots and M- 
regions. Additional confirmation for a valid inter- 
pretation was found in the variations of tho solar 
rotational period during the sunspot cycle. The 
results seemed consistent with the knowledge of the 
latter dependence upon latitude and the latitude 
shifts of spots with the sunspot cycle. 

Fig. 2 shows the relative positions of M-regions 
and sunspots as obtained by this method. Sunspots 
are at a fixed position of relative zero longitude 
assuming the mean time of travel of particles to be 
zero. If they require 1} days for their passage from 
Sun to Earth, the indicated sunspot position is to 
be displaced in a clockwise sense by about 20° of 
solar longitude. Each dot indicates a mean position 
of an M-region. They seem randomly arranged 
relative to sunspots. This leads one to believe in the 
existence of two causative mechanisms. The indica- 
tion of an accumulation of M-regions antipodal to 
spots can perhaps be attributed to the latter destroy- 
ing the former. 

If other solar data like corona, filaments, etc., are 
studied in the same manner, a further contribution 
to the identification of M-regions can be expected. 

Kurt Toman 

Geophysics Research Directorate, 

415 Summer Street, 

Boston, Mass. 

1 Bartels, J., Terr. Mag. Atm. Elect., 37, 48 (1932). 
* Allen, C. W., Mon. Not. Roy. Astro. Soc., 104, 13 (1944). 
* Denisse, J. F., C.R. Acad. Sci., Paris, 236, 1856 (1953). 
“ Becker, U., J. Atm. Terr. Phys., 4, 70 (1954). 
* Bell, B., and Glazer, H., J. Geophys. Res., 61, 179 (1956). 
* Kiepenheuer, K. O., Astrophys. J., 105, 408 (1947). 
’ Babeock, H. W.,and Babcock, H. D., Astrophys. J., 121, 349 (1955). 
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Dependence of Heat Capacity on Thermal 
History 


In a recent communication, Morfee and Staveley’ 
have reported a ‘phenomenon for which, as far as we 
are aware, there is no precedent”, namely, that the 
specific heat of potassium stannichloride appears to 
be dependent on its previous thermal history. We 
would like to point out that such a phenomenon has 
been observed in the metal cerium, where the pro- 
nounced peak in the atomic heat*.* at 13° K. increases 
after repeated coolings and eventually reaches 4 
reproducible value about 70 per cent greater than the 
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original. The low-temperature magnetic suscept- 
ibility’ increases by a correspondingly large amount, 
while both properties show large thermal hysteresis 
effects between 40° K. and 200° K., which are also 
dependent on the previous history of the sample. 
These results can be explained in terms of an incom- 
plete electronic transition 4f = 5d. Such behaviour 
is probably characteristic of systems which are not 
in true thermodynamic equilibrium. 


J. M. Lock 
D. H. Parkinson 
L. M. Rosrerts 


Royal Radar Establishment, 
St. Andrews Road, 
Great Malvern, Worcs. 
Dec. 16. 


* Morfee, R. G. 8., and Staveley, L. A. K., Nature, 180, 1246 (1957). 

? Parkinson, D. H., Simon, F. E., and Spedding, F. H., Proc. Roy. 
Soe., A, 207, 187 (1951). 

s se D. H., and Roberts, L. M., Proc. Phys. Soc., B, 70, 471 
( s 
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* Lock, J. M., Proc. Phys. Soc., B, 70, 566 (1957). 


Mean Free Path of Phonons in a Lead 
Crystal 


Tue high flux of ‘cold’ neutrons now obtainable 
using the liquid hydrogen source!, in the Harwell 
pile BEPO, has been used to investigate the mean 
free path of phonons in a lead crystal from observa- 
tion of the spectrum of inelastically scattered neutrons. 

In order to evaluate the relations between the 
incident and scattered wave-numbers set by the 
conditions of conservation of momentum and energy, 
a model of the crystal was assumed in which the 
velocity of propagation of transverse and longitudinal 
waves is independent of direction. If effects arising 
from the elastic anisotropy are not important this 
model is satisfactory for phonon wave vectors small 
compared with the maximum in the crystal. The 
experiment was arranged so that this latter condition 
was fulfilled. The calculations made for the case 
of the incident wave vector parallel to the reciprocal 
lattice vector of the (111) plane of lead, and assuming 
a long mean free path for the phonons, are shown in 
Figs. 1 and 2. The only process considered is that 
in which neutrons lose energy in exciting a single 
phonon. For the crystal orientation chosen and a 
range of incident neutron wave numbers from 0-9 to 
1-4A.-1 the outgoing neutrons have wave-numbers 
of about 0-4 A.-! for transverse waves, and 0-2 A.-! 
for longitudinal waves in the crystal, if the scattering 
angle is about 140°. In addition, it is found that the 
cross-section for scattering at 140° by transverse 
waves is much greater than for longitudinal waves. 
Thus we should see a sharp peak in the spectrum 
of scattered neutrons at about 0:4 A.-! if the phonon 
mean free path is long, or a broad peak if it is short. 

A beam of cold neutrons having wave-numbers 
between 0-8 and 1-5 A.-! was modulated by a chopper 
device and allowed to fall on a single crystal of lead 
oriented in the way described above. The time-of- 
flight of neutrons scattered through an angle of 140° 
was measured over a 70-cm. flight path. The back- 
ground of the detector was regularly determined by 
raising the crystal above the neutron beam. The 
spectrum of scattered neutrons obtained with the 
crystal at a temperature of 80° K. is shown in Fig. 3. 
N(£) represents the scattered neutron intensity per 
unit energy interval; probable errors are indicated. 
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Fig. 1. Calculated values of the wave-numbers of neutrons 
scattered through given angles after excitation of a single trans- 
verse phonon. The orientation of the incident wave-number K, 
(expressed in units of A.—*) is described in the text 
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Fig. 2. Calculated values of the wave-numbers of neutrons 
scattered through given angles after excitation of a single longi- 
tudinal phonon 


As expected, there is a group of neutrons of wave- 
number 0-4 A.-! (corresponding;to 0-2 mV.) ; these are 
neutrons which have lost energy in exciting trans- 
verse phonons. The high-energy peak is due to 
neutrons which have been elastically scattered or have 
gained energy by phonon absorption. The width of 
the group of neutrons which have lost energy is of 
the order of the resolution width of the apparatus, 
which is about 0-06 mV. This implies that anisotropic 
effects have not substantially broadened the cross- 
over region shown in Fig. 1, and so from this value 
of the width the phonon mean free path at 80° K. 
is calculated to be greater than 180 A. The average 
energy of the phonon de-excited in the interaction 
is approximately 1-5 mV. 

The results obtained with the crystal at a tempera- 
ture of 300° K. are shown in Fig. 4. The ordinate 
scales in Figs. 3 and 4 are in the same ratio as the 
inelastic cross-sections (calculated for mean energy 
gain) at the two temperatures. The number of 
neutrons which gained energy was found to have 
increased by this ratio, which is readily calculated?, 
while the number in the energy-loss group increased 
by only one-third the expected amount. This dis- 
crepancy cannot be explained by, for example, the 
increase of multiphonon processes at the higher tem- 
perature, and therefore implies that the energy loss 
group has a greater width at room temperature than 
at low temperature. The estimated width of about 
0-1 mV. at 300° K. co nds to a mean free path 
for transverse phonons of 110A. R. J. Elliott has 
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Fig. 8. Observed —_ of neutrons scattered through an angle of 
140°; crystal temperature, 80° K. 
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angle of 140°; crystal temperature, 300° K. 


estimated (private communication) that a mean free 
path of this magnitude is expected from phonon- 
phonon interactions in lead at room temperatures. It 
is hoped that ultimately measurements of the mean 
free path for phonons will be correlated with the 
thermal conductivity of the crystal. 

A useful result is obtained indirectly from the 
variation with temperature of the scattering cross- 
section. This allows one to estimate the incoherent 
elastic scattering cross-section of lead. The value 
obtained is 0-05 + 0-03 barns, which is better than 
previous measurements’*. 

This work was performed while one of us (G. J. M.) 
was seconded to the Atomic Energy Research 
Establishment, Harwell, from the New Zealand 
Department of Scientific and Industrial Research. 
We wish to thank T. L. Schofield, L. V. Lewis and 
B. E. Hasler for assistance in operating the equip- 
ment during the course of the experiment. Miss B. 
Wilkinson and Miss M. McQuhae assisted in com- 
putation and R. O. Ridley and D. Brown kindly 
provided the lead crystal. 

G. J. McCattum 
P. A, EGELstarr 


Atomic Energy Research Establishment, 
Harwell, Berks. 
Dec. 19. 


taff, P. A., London, H., and Webb, F. J., 
7 (1967). 
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sipsaaett: rw «<3 bal Hove, L., Phys. Rev., 93, 1207 (1954). 
* Rgelstaff, P. A., A.E.R.E. Report N/R 1165 (1953). 
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Magnetic Susceptibility of the Alloy 
Pt;Fe between 20 and 900 Degrees Absolute 


Accorpinc to the phase diagram published by 
Kussmann and von Rittberg', iron dissolves in solid 
solution in platinum up to at least 35 atomic per cent 
of iron. The structure is face-centred cubic, but at 
compositions around 25 atomic per cent of iron 
(Pt,Fe) a superlattice develops which is stable up to 
temperatures probably in the range 650-800° C. 

The magnetic susceptibility of an annealed 25 per 
cent alloy has been measured between 20° and 900° K 
The results are given in Fig. 1. X-ray examination 
confirmed the presence of the superlattice in a powder 
taken from this specimen and given the same anneal- 
ing treatment. 

At high temperatures the Curie-Weiss law is obeyed, 
extrapolating towards a paramagnetic Curie tem- 
perature of about —90°K. On cooling below room 
temperature, deviations from the Curie-Weiss law 
begin at about 200° K. The susceptibility rises to a 
distinct maximum at 105° K. and then falls at lower 
temperatures until about 50°K. where another 
increase begins. 

Susceptibilities were measured in an applied field 
of 8,200 oersteds. At 290°, 200°, 80° and 20° K. 
measurements were also made in a range of field 
strengths between 2,500 and 10,800 oersteds, and no 
significant variation of the susceptibility with field 
was detected. 

The behaviour observed suggests the existence of 
antiferromagnetism in the ordered alloy at low tem- 
peratures, and further work is in progress to confirm 
this. 

At compositions on either side of 25 per cent of 
iron, the annealed alloys were found to be ferro- 
magnetic, as was reported by Kussmann and von 
Rittberg*. With decreasing iron-content, the mag- 
netic moment increases, the moment (extrapolated 
to 0° K.) of the 15 per cent iron alloy being about 
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0-6 Bohr magneton per atom. On the other side, 
the ferromagnetic moment rises more slowly with 
composition. In the 25 per cent alloy, cold work 
renders the material quite strongly ferromagnetic. 
X-ray examination showed that the structure of the 
cold-worked 25 per cent alloy was still face-centred 
cubic. The lattice parameter was apparently the 
same as for the undeformed material, but no super- 
lattice reflexions were observed. It is suggested that 
the primary effect of the cold work was to destroy 
the superlattice, and that the disordered state is 
ferromagnetic. Further work is also in progress on 
these ferromagnetic platinum-rich alloys. 

I wish to thank Prof. W. Sucksmith for his advice 
and interest, and also the Mond Nickel Company 
for the loan of the pure platinum on which the alloys 
are based. 

J. CRANGLE 

Department of Physics, 

The University, 
Sheffield 10. 
Dec. 18. 


a Kuno5o)” A., and von Rittberg, G. G., Z. Metallkunde, 41, 470 
1 e 
* Kussmann, A., and von Rittberg, G. G., Ann. Physik, 7, 173 (1950). 


Correlation between lonizing and 
Attachment Coefficients and Breakdown 
Characteristics for Carbon Tetrafluoride 


THE growth of pre-breakdown currents with dis- 
tance has been investigated in carbon tetrafluoride 
for various constant values of H/p (EH is the 
field, p the gas pressure). The purpose of this 
communication is to give results for ionization and 
attachment derived from this investigation and to 
show that they are consistent with previously 
published! breakdown-voltage characteristics for this 
material in uniform and non-uniform fields. Carbon 
tetrafluoride is no longer available commercially in 
Britain and this limited the number of pre-breakdown 
current measurements. 

In electronegative gases the growth of current with 
distance is given by 





= ae {a/(x—n) exp(a—n)d — /(a—n) } 
* 1 — (@/a) . (z/a—n) . {exp(a—n)d—1} 


where J, is the initial current, « the primary ionization 
coefficient, y the mean number of attachments per 
centimetre drift in the field direction, (@/«) a general- 
ized secondary ionization coefficient, and d gap 
distance. If the Townsend criterion is valid for 
breakdown in electronegative gases, the threshold for 
self-maintaining current is obtained when a de- 
nominator is zero. On the assumption that secondary 
processes are small the denominator with increasing 
values of d, in the range n > a, approaches zero as 
(yn — «) +0. In the limit this is a condition which 
depends upon FZ only and sets a value for Z below 
which no breakdown should be possible whatever the 
value of d. Plots of log(I/I,) against d for carbon 
tetrafluoride are not linear and by curve fitting it is 
possible to determine « and yn. Although values of 
(% — y) could be determined to within 1 or 2 per 
cent, the resolving power of the method was not 
good enough to permit precise determinations of 
« and » for the limited number of experiments that 
could be made. 

Fig. 1 gives (« — )/p for various values of E/p, 
and from the curve the value of (Z/p)a =n is 47-6 volts/ 
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Fig. 1. (a — )/p against E/p in carbon tetrafluoride at a pressure 
of 230 mm. mercury 


cm./mm. pressure ; this value is in close agreement 
with the experimentally determined limiting value 
of E/p obtained by plotting H against d for a uniform 
field at atmosphere pressure. 

For non-uniform fields where the high-stress region 
is at the positive electrode, the breakdown voltage/ 
pressure curve for electronegative gases rises to a peak 
value as the pressure increases and then falls until it 
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coincides with the voltage for the onset of corona at a 
critical pressure. Generally, the positive static 
breakdown voltage is higher than the impulse value 
below this critical pressure so that field modification 
involving time is an important factor. It has been 
argued’ that with impulses only electrons contribute 
to the lowering of the field at the highly stressed 
electrode while with static voltages there is an 
additional contribution by negative ions. This leads 
to the conclusion that for any gas at a particular 
percentage of E/p above (E/p),=n the difference 
between the impulse and the static values is related 
to the magnitude of a/(«—n). Fig. 2 gives plots of 
«/(a—x) for sulphur hexafluoride, difluorodichloro- 
methane and air against the percentage increase of 
E|p above (E/p)a=n; the values for carbon tetra- 
fluoride lie in the region of the curve for air. Experi- 
mental data indicate that the difference between the 
static and impulse breakdown voltage is greater for 
sulphur hexafluoride than for difluorodichloro- 
methane; for air and carbon tetrafluoride the 
impulse breakdown voltages exceed by a small 
amount the static values, possibly due to the effect 
of time-lags influencing the impulse breakdown. 


P. R. Howarp 
Electricity Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
Oct. 11 


‘ Howard, P. R., Proc. Inst. Elec. Eng., A, 104, 123 (1957). 
* Howard, P. R., Proc. Inst. Elec, Eng., A, 104, 139 (1957). 


Periodicity in Sea Roughness and Origin 
of Microseisms 


Various workers have tried measuring the rough- 
ness of the sea by observing wave heights at a par- 
ticular position as well as by compiling wave profiles 
along large distances by air observations. Glitter 
photographs of the sea surface have also been statis- 
tically analysed for finding the relation between 
development of wavelets and wind velocity. It has 
been recognized that description of sea roughness is 
very difficult by any of the above means. On the 
other hand, it is well known that radar clutter 
increases in amplitude with sea roughness, and estima- 
tion of sea roughness should be possible by observa- 
tions of radar clutter. Recently, one aspect of 
analysis of sea roughness became imperative in view 
of the hypothesis that microseisms may be caused 
by means of interaction of wind and sea roughness. 
According to such ideas, the periods observed in 
microseisms should correspond to any autocorrelative 
periods in sea roughness. 

A shore-based naval 10-cm. radar was used for 
the study of radar clutter. The echoes were observed 
from about 200 ft. area of sea surface at a certain 
distance by giving attention only to l-mm. width 
at 2,000 yd. range of ‘A’ type scan, the angular 
width of the radar beam being 2$°. The rest of the 
‘A’ type scan was blocked by black paper. The vert- 
ical amplitudes in the narrow width of 1 mm. on 
the screen gives a record of the intensity of the 
clutter. These amplitudes were photographed by 


means of a continuously moving film using a speed of 
7:4 in, per min. In the absence of an automatic 
autocorrelution meter, the amplitudes were read 
manually at 0-38-sec. intervals and an autocorrelo- 
gram was computed. The autocorrelogram showed 
strong periods of 0-8 sec. and 4-6 sec. There was an 
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indication of a weak period also at 1-2 sec. According 
to the senior author’s hypothesis, periods in sea 
roughness produce corresponding periods in eddy vis- 
cosity at the sea-surface. This causes periodic changes 
in wind-streses over the sea provided the winds are 
cyclonic or suitably oriented near a coast line. Such 
changes cause pulsations in pressure over wide areas 
at the sea-bottom. On the other hand, according to 
Longuet-Higgins’s theory*, standing waves, which 
might be regarded as corresponding to double the 
period brought out by any sea roughness analysis, 
cause direct second-order pressure effects of double 
frequency on the sea bottom. The standing waves 
of this theory are not likely to be seen always by the 
usual methods of observation of sea surface. Accord- 
ing to the standing-wave theory, simultaneous 
existence of suitably oriented wind at the originating 
area in question is not essential. 


J. N. Nanna 
K. ACHYUTHAN 
N. K. BatacHANnpDRAN 


VoL. 181 


Office of Scientific Research and Development, 
Naval Headquarters, 
New Delhi. 
+ Nanda, J. N., Proc. Assoc. Seismol. and the Physics of the Earth’s 


Interior, Sept. 1957 (in the press). 
*Longuet-Higgins, M. 8., Phil. Trans. Roy. Soc., 243, 1 (1950). 


Refraction of Microseisms 


It is well established now that microseisms, the 
small tremors of varying intensity (in the range of 
2-10 sec. period and of the order of a few microns in 
amplitude) recorded as more or less a permanent 
background by seismographs, are caused by sea 
waves associated with cyclonic depressions. The 
possibility of using these waves for location and 
tracking of storms has been investigated by many 
workers, and various techniques for estimating the 
direction of arrival have been put forward. But as 
the accuracy of estimation of direction of arrival is 
improved, corrections have to be applied to allow 
for the refraction of the waves due to variations in 
the velocity of propagation along the path from the 
generating area to the recording station. Micro- 
seisms are surface waves of the Rayleigh and Love 
type, and hence can be affected by variations in the 
geological structure of the Earth’s crust and the 
changes in ocean depth along the path. ._ While it is 
very difficult to estimate corrections for the geological 
configuration of the Earth’s crust, the effect due to 
ocean depth can be calculated. 

The effect of coupling between the ocean and the 
sea bottom on Rayleigh waves has been studied by 
Stoneley?, and many workers have calculated the 
velocity of the modified Rayleigh waves in a uniform 
elastic sea bed, the ocean being regarded as a homo- 
geneous compressible medium. As the present tech- 
niques for the direction of arrival of microseisms 
consist of using only the Rayleigh wave component, 
the refraction due to the Stoneley effect can be 
estimated. 

Darbyshire** used this idea first and constructed 
refraction diagrams for Bermuda and the British 
Isles for microseisms arriving from various directions. 
The wave-fronts were assumed straight and parallel 
far out in the sea, and successive fronts were drawn 
at convenient intervals using velocities appropriate 
to the particular ocean depth. A method of geo- 
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Fig. 1. Refraction diagram for microseisms of 6-sec. period 


metrical construction was employed on a bathymetric 
chart of the area under consideration. 

However, for microseisms generated by storms in 
the deep ocean, the amount of refraction depends on 
the actual position of the storm with respect to the 
recording station, and the parallel wave-front theory 
cannot be applied. Hence new refraction diagrams 
(Figs. 1 and 2) have been constructed using the 
reciprocity principle. Rayleigh waves are supposed 




















Ww. 30° 25° 20° 15° 10° 5° 
Fig. 2. Refraction diagram for microseisms of 9-sec. period 
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to originate from the recording station—in this case 
Kew—and travel outwards. The wave-fronts are 
circular to start with, but become distorted as the 
wave progresses through the Atlantic Ocean bed. 
From these wave-fronts rays are drawn at 2}°-inter- 
vals. The diagrams are constructed for 6-sec. and 
9-sec. microseisms. The velocity of Stoneley waves 
for different depths of the oceans was calculated in 
exactly the same way as Darbyshire did in his 
paper®. 

It is very easy to use these refraction diagrams. 
Instoad of drawing a straight line from the recording 
station in the computed direction of arrival of 
microseisms and looking for the source along that 
line, the ray is followed along the refracted path. 

The following are some of the points of interest : 

(1) 9-sec. microseisms are refracted less than those 
of 6-sec. period. 

(2) The various focusing and diverging effects are 
interesting. An example of the former was noticed 
during the hurricane of September 1957 (“‘Carrie’’). 
When the storm was in the diverging area south of 
lat. 50° N. and west of long. 20° W., the intensity 
of microseisms recorded at Kew was not appreciable. 
But as soon as it came to the focusing point at 
lat. 50°'N., long. 15° W., there was a sharp rise in 
intensity which decreased later as the storm crossed 
over the Irish coast. 

(3) The rays represented by the dotted lines in 
the diagram are due to intersecting wave-fronts and 
are similar to the double refraction effect in optics. 

Many of the anomalies observed by workers in 
various parts of the world in the measured intensity 
and direction of arrival of microseisms can, in all 
probability, be explained by constructing such 
refraction diagrams. The aid of the ‘microseismic 
barrier’ postulated from time to time to explain 
these anomalies can be reserved for a better use. 


H. M. Iver 
D. LaMBETH 
B. J. HinpE 
National Institute of Oceanography, 
Wormley, 
nr. Godalming, Surrey. 
Dec. 20. 


a Stones R., Mon. Not. Roy. Astron. Soc., Geophys. Supp., 1, 348 
id Dette J., Mon. Not. Roy. Astron. Soc., Geophys. Supp., 7, 147 


3 Darbyshire, J. and Mollie, Mon. Not. Roy. Astron. Soc., Geophys. 
Supp., 7, 301 (1957). 


Total Sulphydryl Content of Embryos of 
Arsenic-resistant and -sensitive Strains 
of the Blue Tick, Boophilus decoloratus 


Tue existence of arsenic resistance in the blue tick, 
Boophilus decoloratus, in certain regions of South 
Africa, has been known for 16 years'. In a study of 
this phenomenon, the concentrations of sulphydryl- 
containing compounds in embryos of the sensitive 
and resistant strains of this tick have been determined. 

The method used for determining —SH containing 
compounds is an adaptation of Mason’s?.* method, 
which is based upon the reduction of ferricyanide ions 
by thiols to ferrocyanide ions which are then determ- 
ined colorimetrically as ferric ferrocyanide. Depro- 
teinized extracts of tick eggs at a stage midway 
between oviposition and hatching were used. Inter- 
ference by other reducing compounds was eliminated 
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by using a blank in which colour development due to 
—SH containing compounds was suppressed by 
addition of formaldehyde prior to addition of ferri- 
cyanide. 

Fifteen pairs of determinations were carried out 
using embryos of sensitive and resistant strains of 
approximately equal age. The sulphydryl content, 
expressed as per cent —-SH radical, of the sensitive 
strain varied from 120 x 10-5 to 1,050 x 10-5 per 
cent (mean 482-6 x 10-*° per cent) while that of the 
resistant strain varied from 750 x 10-5 to 1,550 x 
10-5 per cent (mean 983-3 x 10-° per cent). The 
mean. difference between the resistant and sensitive 
members of the pairs was 500-7 in units of 10-° per 
cent with a standard error of 68-5. 

The resistant strain therefore contains slightly 
more than twice as much —SH radical as the sensitive 
strain. 

Our thanks are due to Mr. D. C. Goch for statistical 
examination of the results and also to African 
Explosives and Chemical Industries, Ltd., for permis- 
sion to publish this communication. 


M. E. THompson 
A. M. JouHNstTon 


Research Department, 
African Explosives and 
Chemical Industries, Ltd., 
P.O. Northrand, 
Transvaal. 
du dap and Bekker, J. South Afr. Vet. Med. Assoc., 12, 50 


* Mason, J. Biol. Chem., 86, 623 (1980). 
* Mason, Proc. Staff Meetings Mayo Clinic, 4, 314 (1929). 


Occurrence of Strains of the Nuclear 
Polyhedral Virus of the Wattle Bagworm 


DurinG the past three years, experiments have 
been in progress! to determine whether the wattle 
bagworm, Kotochalia junodi (Heyl.), could be con- 
trolled by artificially increasing the concentration of 
virus in plantations of black wattle, Acacia mollissima 


Table 1. EFFECT OF POLYHEDROSIS USING : (1) ‘INTRODUCED’ VIRUS; 
(2) ‘LocAL’ Virvs 
(a) Mortality per cent five months after treatment 








| | Treated Untreated 

| | Mean | Range | Mean | Range 

|) | 71-9 | 61-4-79:9 | 146 | 2-6-18-1 
(2 6-1- | 9-1-19-9 


551 | 46-1-60°5 15-2 | 


(b) No. of survivors seven months peer eeenet ; only live specimens 











collect 
| ee toe te, aie ee ee io ee a ee ee 
Mean No. of | | Mean No. of | 
| bagworms per | Range bagworms per Range 
sample tree | | sample tree 

| qa) 03 0-2 | 27 | 745 
| j i | cas 6° | an 

: 4 | 1-12 7 

* | (io-0)* | ; | (gays 


(c) No. of survivors eleven months after treatment; only mature 
specimens collecte 


q) 0 0 11 | g-23+ 
(2) | 4 bod 6 | 5-8t 








* Percentage of virus-infected specimens. 
t The percentage of virus-infected imagines could not be determined, 
since mature males emerge approximately four weeks before the 
females become sexually mature. At the time of collection, only 
empty pupal cases indicated that mature males had emerged. 
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Willd., and whether epizootics could be initiated by 
introducing the virus. In all cases, a high rate of 
mortality due to polyhedrosis resulted. It was noted, 
however, that equal concentrations of virus from 
different localities did not give the same kill; virus 
suspensions prepared from material collected in 
plantations remote from those treated consistently 
gave a higher mortality than those prepared from 
bagworms from the area in which they were used 
(Table 1). 

These results not only point to a degree of resistance 
of the bagworm to local virus, but also strongly 
suggest that there are different strains within the 
nuclear type of virus found in K. junodi. 

Dr. K. M. Smith of the Molteno Institute, University 
of Cambridge, has commented (in lit.) upon the 
development of resistance to virus disease in Pieris 
brassicae L., but this appears to be somewhat different 
in origin. 

L. L. J. Ossowsx1 


Wattle Research Institute, 
University of Natal, 
Pietermaritzburg, 
South Africa. 

Oct. 5. 


1 Ossowski, L. L. J., Ann. App. Biol., 45, 81 (1957). 


A Shorter Microbiological Assay 
Method for Oxytetracycline and 
Chlortetracycline 


SoME organic compounds having a known effect 
on the growth of bacteria were used for stimulating 
spore germination and growth intensity of Bacillus 
subtilis FDA 6633, with the view of shortening the 
length of incubation time when assaying oxytetra- 
eycline and chlortetracycline by the cup-—plate 
technique. 

The basal medium was made up as follows: 
agar—agar 45 gm., peptone 7-5 gm., broth 1,500 ml. ; 
pH before sterilization 7-0—7-1. 

After incubation for a week in a Blake flask 
the B. subtilis spores were washed with sterile, 
distilled water, heated for 30 min. at 65°C. and 
centrifuged three times, washing between each 
centrifugation. To determine the necessary amount 
(per cent) of spore suspension, its light absorption 
was measured. The suspension is suitable if its per- 
centage absorption is 80-90 per cent using an orange 
glass parallel-sided filter with distilled water (Lange, 
Lichtelelektrisches Kolorimeter, Model IV). 2 ml. 
of this spore suspension is then diluted with a solu- 
tion of selected growth factor (in this case, 98 ml. 
of 0-02 per cent solution of folic acid (pteroylglutamic 
acid) ). 5-5 ml. of the diluted spore suspension 
is added to 100 ml. melted agar medium and 
thoroughly but gently stirred with a sterile glass rod. 
By this method only one layer, 3 mm. thick, was 
poured out. 

The prepared plates were stored in a refrigerator 
at about + 4°C. for two days. If stored longer, 
the effect of the growth factor is lost. The working 
standards and the samples were diluted with phos- 
phate buffer: pH 5-0 for oxytetracycline, and 
pH 4-5 for chlortetracycline (pH 5-0 buffer: 90-78 
gm. potassium dihydrogen phosphate ; pH 4-5 buffer : 
27-20gm. sodium dihydrogen . phosphate, both 
diluted to 2,000 ml. with sterile distilled water). 








ee ee ae 




















March 1, 1958 


No. 4609 


After having dispensed the antibiotic in or on the 
plates, the latter are incubated at 43°C. for 3—4 hr. 


This incubation time is enough to produce firm 
bacterial growth, which is easily visible. Inhibition 
zones are clear, and zone edges are defined. A 
further advantage is that this microbiological method 
does not require a special assay procedure or a 
standard curve. 

Of the compounds examined in various concentra- 
tions, DL-aspartic acid (0-:0014-0-0002 per cent), 
folic acid (0-0020-0-00002 per cent), indoleacetic 
acid (0-0014—0-00002 per cent) and lactose (0-02 per 
cent) promoted spore germination and stimulated 
growth without disturbing the effect of the anti- 
bioties on bacteria. The growth-stimulating effect 
of DL-aspartic acid in absence of caramelized glucose 
seems to be inconsistent with Hachisuka’s report’. 
It is possible in this case that the caramelized sucrose 
components of agar-agar serve as substitute for 
glucose. 

The possibility of employing growth factors to 
reduce the incubation time opens the way for similar 
short microbiological assay methods for antibiotics. 


Nyrrei LAszzié 


Biological Research Laboratory, 
Hajdusagi Gyégyszergyar, 
Debrecen. 


> Hachisuka, Yoetsu, ef al., J. Bact., 71, 250 (1956). 


Dissemination of Verticillium albo-atrum 
through the Atmosphere 


Ir is usually considered that spread of disease due 
to Verticillium albo-atrum is either by growth of the 
pathogen from diseased to healthy susceptible plants 
by root contact or by the dissemination of infected 
plant material such as leaves, root stocks, etc. 
However, the possibility, in some cases, of the disease 
being spread by airblown spores became apparent 
when Isaac! trapped colonies of V. albo-atrum on 
Petri-dish plates of Dox’s agar exposed approximately 
2 ft. above a stand of lucerne infected with this 
pathogen, and also when Davies (unpublished results) 
isolated V. albo-atrum from house dust from Edin- 
burgh and from the atmosphere in a garden in urban 
London. It should be pointed out that in diseased 
lucerne plants, even when they are still alive and 
green, the fungus grows from the vascular tract in 
the lower basal regions of the stems out into the 
cortical tissue and from there superficial hyphe bear- 
ing conidia develop ; and it has been shown by Isaac 
that these conidia will cause infection when placed 
upon recently cut surfaces of mown, healthy 
lucerne. 

Since this disease is becoming of considerable 
economic importance, an investigation has been 
initiated to make quantitative estimates of the 
number of spores of V. albo-atrum in the air, within 
and above, both diseased and healthy lucerne crops 
and above meadow land at various sites, namely, 
Norfolk, Cambridge, Berkshire and Swansea. Efforts 
were also made to isolate the pathogen from the air 
near jorries unloading lucerne from an infected crop. 
The apparatus used to obtain these volumetric 
determinations was the slit sampler, described by 
Davies*, the suction being provided by a hand- 
operated pump unit similar to that of Gregory* 
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Table 1. NUMBER OF COLONIES OF Verticillium albo-atrum ISOLATED 
FROM THE AIR AT EACH SITE 
No. of Total vol. 
colonies of (litres) 
Area Sampling site if: rum of air 
sampled 
Berkshire | In diseased lucerne crop 6 150 
In healthy lucerne crop 0 150 
Cambridge | In mildly infected lucerne 
crop 1 150 
In healthy lucerne crop 0 150 
Near diseased lucerne ; 
straw being turned over 4 150 
Norfolk n di lucerne cro; 12 150 
In open field 150 yd. 
down wind from disease 
crop being mown 12 200 
In “Green shed” of 
lucerne drying factory 3 50 
In “Green shed” as lorry 
tipped load of infected 
lucerne 30-40* 50 
Swansea In diseased lucerne crop 6 180 
In meadow | 180 
| | 














* Plate overcrowded with bacteria and yeasts 


except that the pump was driven through gears. For 
each sample either 50 or 25 1. of air were impacted 
on to each of a series of plates of Dox’s agar in 9-cm. 
Petri dishes, the intake orifice of the apparatus 
being 25-26 cm. above ground-level. The results are 
summarized in Table 1. 

V. albo-atrum was never isolated alone but devel- 
oped on plates in competition with the more ubi- 
quitous constituents of the airborne fungal flora such 
as Cladosporium, Pullularia, Penicillium, Phoma, 
Mycelia sterilia, Sporobolomyces, yeasts, etc. 

The results in Table 1 indicate that the number of 
spores of V. albo-atrum in and above infected stands 
of lucerne is sufficiently high to suggest that the 
spread of the disease in this crop may occur by means 
of wind-blown spores. Further investigations are 
proceeding along these lines. 


R. R. Davies 


Biological Dept., 
St. Thomas’s Hospital Medical School. 


I. Isaac 


Botany Dept., 
University College of Swansea. 
1[saac, I., Ann. App. Biol., 45, 550 (1957). 
* Davies, R. R., Trans. Brit. Mycol. Soc., 40, 409 (1957). 
®* Gregory, P. H., Trans. Brit. Mycol. Soc., 37, 390 (1954). 


The Giant Rat of East Africa 


Srx specimens of the giant rat, Cricetomys gambianus 
Waterhouse, one male and five females, were trapped 
at Amani, a forested area at about 3,000 ft. in the 
Usambara Mountains of Tanganyika. The rats were 
trapped in cage-type traps which had been baited 
with maize. Théy were killed with chloroform, after 


which their parasites were removed; then the 
rodents were weighed and measured. 
Measurements 
Male Female 
Body-weight 1,250 gm, 1,000-1,400 gm. 
Head/body 350 mm. 335-380 mm. 
Tail 400 ,, 340-400 ,, 
40 ,, 40-45 ,, 


Ear 
Hind foot 70-75 =, 


75 ed 
Mammary formula: 2 —2 =8 


The only ecto-parasite found on the six specimens 
of the giant rat was the dermapterous parasite 
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Hemimerus vosseleri Rehn and Rehn. No fleas, ticks 
or lice were found. The infestation with H. vosseleri 
varied from 4 to 13 per rat, and included nymphal 
and adult specimens. In all, 46 specimens of this 
strange earwig were obtained. 

My thanks are due to the Director of Medical Ser- 
vices, Tanganyika, for permission to publish this com- 
rounication, and to Dr. W. Hincks, of the Common- 
wealth Institute of Entomology, for his identification 
of the earwigs. 





J. G. Harcrow 
Medical Department, 
P.O. Box 110, 
Morogoro, Tanganyika. 
Oct. 25. 


Seed-coat Structure of Yellow Chinese 
Rape 

SamMPLes have been obtained of seed described as 
Chinese rape, imported into Europe for oil extraction. 
The seeds in these commercial samples are either 
yellow or vinaceous in colour, and the different 
coloured seeds are to be found in varying proportions. 
Plants grown from both types of seed corresponded 
with descriptions of Brassica campestris chinoleifera 
Viehoever'. It has not been possible to locate type 
specimens of the plant in Great Britain. 

Comparatively few yellow kinds of cruciferous oil 
seeds are used commercially*, and therefore a 
knowledge of the testa structure of this Chinese seed 
might well be useful in the analysis of seed samples 
and oil-cakes. 

Fig. 1 is a drawing of a cross-section of the testa. 
The structure corresponds to that of the rapes rather 
than the mustards*. Consequently, the only other 
yellow cruciferous oil seed with which one might 
confuse the Chinese seed is Brassica campestris L. var. 
Sarson Prain. 

* 
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Fig. 1. Drawing of cross-section of testa of yellow Chinese rape 

x 400). £#./S.£., disorganized epidermis and subepidermis ; 

a. L., palisade layer; Pi. L., pigment layer; and A. L., 
aleurone layer 


The testa structure of both species has been 
compared ; but it is extremely difficult to distinguish 
between the two species on this anatomical feature, 
although slight inequalities in height of the palisade 
cells of the Chinese seed present a faint reticulation 
in surface view. Reticulations are not normally 
shown by Brassica campestris L. var. Sarson Prain. 

This difficulty of distinguishing between the two 
species need not present any great problem during 
the analysis of oil-cakes, because, compared with the 
mustards, both seeds are usually regarded as fairly 
mild for feeding purposes. 

It is intended to publish the details of this investi- 
gation elsewhere. I am indebted to the Incorporated 
Oil Seed Association and Salamon and Seaber (con- 
sulting analytical chemists) for the supply of material 
and also the Central Research Fund of the University 
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of London for the loan of certain apparatus used in 
this work. 





JoHN G. VAUGHAN 


Chelsea College of Science and Technology, 
Manresa Road, London, S8.W.3. 


Nov. 28. 
1 Viehoever, A., Clavenger, F., and Ewing, C. O., J. Agric. Res., 20, 
117 (1920). 
8 baa ~~ A. L., “The Microscopy of Vegetable Foods” (New York, 


Nomenclature of Cell Strains 


At the International Tissue Culture meeting, held 
in Glasgow during August 26-27, the subject of the 
nomenclature of cell-strains used in tissue culture was 
considered. After general discussion, a committee 
was appointed and recommendations were made. It 
was suggested that authors should give the following 
information when first mentioning a cell strain in 
the course of a publication. (1) Whether the tissue 
of origin was normal or neoplastic, and, if neoplastic, 
whether benign or malignant. (2) Whether the tissue 
was adult or embryonic. (3) Animal species of origin. 
(4) Organ of origin. (5) The cell-type (if known). 
(6) The designation of the strain. (7) Whether the 
strain has been cloned, and, if so, the clone number. 
(8) The reference to the original article in which the 
strain was described. 

It was further suggested that the designation of 
the strain should consist of a series of not more than 
four letters indicating the laboratory of origin, 
followed by a series of numbers indicating the strain, 
for example, NCL 123. Thus, a strain might be 
described : normal adult rat heart fibroblast, strain 
XYZ 111, clone 29 (Lobachevsky, Z. (1922), J. 
Metaphys. Cytol., 99, 77). Afterwards, in the same 
communication it would suffice to refer to the strain 
by its strain designation. 

Joun Pau 
H.E.R.T. Tissue Culture Laboratory, 
University of Glasgow. 


Histological and Chemical Changes in 
the Rat Pituitary Neural Lobe following 
Treatment with Neurohypophysial 
Substances 


No agreement exists as to the effect of admin- 
istration of exogenous posterior pituitary principles 
on neurohypophysial structures. Some authors’ 
describe no changes in neurosecretory phenomena, 
others? think the dosage important, whereas in- 
crease in neurosecretion has been reported by me’. 
One of the difficulties in evaluating and comparing 
alterations in material stained with chrome-alum 
hematoxylin is the lack of adequate histological 
assaying methods. When the amount of chrome- 
alum hematoxylin-positive material has not increased 
considerably following hormone treatment, it is 
difficult to be reasonably certain of the effect. In 
addition, not all such material necessarily represents 
posterior pituitary hormone or ‘true’ neurosecretory 
material®.*. } 

For these reasons, in the present series of experi- 
ments an attempt was made to correlate the his- 
tological alterations of the neurohypophysis with 
changes in chemical composition of the infundibular 
process, assuming the latter to be a storage place for 
posterior pituitary principles. 
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Adult rats of both sexes, body-weight 150-200 gm., 
were given daily intraperitoneal injections in nine 
groups of five animals for each experiment, for six 
consecutive days, using ‘Pituitrin’ (0-5 U.; 2-0 U.; 
2-5 U.), ‘Pitocin’ (0-5 U.; 1-0 U.; 2-5 U.) or ‘Pit- 
ressin’ (0-5 U.; 2-0 U.; 2-5 U.). The animals were 
killed on the sixth day 2 hr. after the last injection, 
and the brain and pituitary gland examined his- 
tologically in the usual manner*. Sections of control 
and experimental animals were processed together. 
It was found that a slight but definite increase in 
chrome-alum hzematoxylin-positive material had 
occurred in the hypothalamic magno-cellular nuclei 
of all treated groups, independent of the dosage. 
The infundibular process stained. very darkly in all 
groups, probably more than in normals. 

In another series, paper chromatograms (hydrolysis 
in 25 per cent hydrochloric acid at 110° C. for 18 hr., 
Schleicher and Schiill paper 20436, butanol/acetic 
acid, ninhydrin) were made of homogenates of the 
infundibular process of rats treated similarly (‘Pitui- 
trin’ 2-5 U.; ‘Pitocin’ 2-5 U.; ‘Pitressin’ 2-5 U.). 
These were compared with chromatograms of neuro- 
hypophysis of normal and dehydrated (5 days thirst) 
animals, brain tissue, and the pituitary principles 
injected. By standardizing the procedures and 
running aliquots in doubles in different batches, 
quantitative as well as qualitative changes could be 
roughly ascertained. In all groups treated with 
posterior pituitary principles a marked increase in 
amino-acid content could be shown, cystine being 
especially prominent. In the group treated with 
‘Pitressin’ a definite increase in lysine and phenyl- 
alanine was observed. From the size and colour 
intensity of the spots the following quantitative 
estimates were made: normal, 100; ‘Pituitrin’- 
treated, 145; ‘Pitressin’-treated, 185; ‘Pitocin’- 
treated, 160; dehydrated, 75. 

It would appear, then, from these results that 
following treatment with various dosages of neuro- 
hypophysial principles there is a definite increase in 
chrome-alum hzematoxylin-positive material and 
amount of posterior pituitary hormones in the rat 
neurohypophysis. It is not clear whether this 
increase is due to increased production or decreased 
release of endogenous neurohypophysial substances, 
or storage of exogenous material. 
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J. DE Groor 
Anatomical Department, 
State University, Utrecht. 
Aug. 18. 
— J. D., and Van Breemen, V. L., Amer. J. Anat., 197, 177 
1955). 

* Legait, H., C.R. Soc. Biol., Paris, 149, 1016 (1955). 
* Groot, J. de, Anat. Rec., 127, 201 (1957). 
* Adams, C. W. M., and Sloper, J. C., J. Endocrinol., 18, 221 (1956). 


Cryptocotyle lingua in British Mink 


THE development of the intermediate stages of 
heterophyid trematodes of the genus Cryptocotyle 
commences in sea snails and continues in various 
species of coastal fish. The definitive hosts are birds 
and mammals which eat infected fish. These flukes 
have been recorded from various hosts in Britain. 
Thus Lewis' found C. lingua in the herring gull, 
Larus argentatus, and C. concava in the black-necked 
grebe, Podiceps nigricollis, both in the Aberystwyth 
area, while Mahfouz A. M. Fahmy, whose unpublished 
observation is quoted by Lapage*, found C. lingua 
in an otter, Lutra lutra, in the suburbs of Edinburgh 
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in 1953. Cryptocotyle spp., chiefly C. lingua, have 
been recorded in mink, Lutreola vison, by various 
authors on the continent of Europe* and in North 
America‘. 

Since British farm mink are largely fed on raw 
sea-fish, a particular search was made during routine 
post-mortem examinations for alimentary parasites 
in general and fish-borne trematodes in particular. 

Of 37 mink so far examined, one was found to 
have four specimens of C. lingua in the small intestine. 
Characteristic eggs were found in the rectal feces. 

Small numbers of eggs 50n x 23u and 30u x 18u 
were found in the intestinal contents of another mink. 
These were attributed to C. lingua and C. concava 
respectively ; but no recognizable parasites were 
found in the intestine, possibly due to post-mortem 
disintegration. So far as can be ascertained, this is 
the first report of C. lingua in mink in Britain. 

I am indebted to my colleague Mr. K. W. Head, 
of the Department of Pathology, for the opportunity 
to carry out these examinations. 

H. Scorr MoTaccart 
Royal (Dick) School of Veterinary Studies, 
Edinburgh 9. 
Dee. 5. 
1 Lewis, E. A., J. Helminth., 4, 7 (1926). 
> : wee Parasitology”, 256 (Oliver and Boyd, 
* Sprehn, C., Dtsch. tierdztl. Wechr., 68, 342 (1956). 
*Cameron, T. W. M., Can. J. Comp. Med., 9, 302 (1945). 


Multiple-Mutation Theory of Carcinogenesis 


NEw life was given to the somatic mutation theory 
of carcinogenesis when it was recognized that not 
just one, but several mutations were probably 
required. Fisher and Hollomon! thought that a 
number of similar mutations in adjacent cells might 
initiate cancer, and deduced a law of the form 
(age)? for the rate of appearance of cancers in @ 
population, with p being the number of cells in the 
critical size group. They arrived at a value of p near 
7 from the mortality data. Muller? and Nordling* 
thought that a number of successive mutations in 
the same cell might initiate cancer, and deduced a 
law of the same form, (age)?-1, for the rate of appear- 
ance of cancers, with p s 7 now being the number of 
mutations required in a single cell. 

Nordling* recognized that mutation would, in 
general, tend to render cells less able or more able to 
survive than their normal neighbours, and that for 
once-mutated cells to be preserved for subsequent 
mutations they must be more, rather than less, able 
to survive. Platt®' made this point clearer by 
emphasizing that each somatic mutation that survives 
must lead to a clone of mutated cells growing at the 
expense of their normal neighbours. Armitage and 
Doll* recognized that the growth of the clone gener- 
ated by the first mutation was important in increasing 
the number of cells in which the second could occur, 
and showed that the mortality data could fit fairly 
well with a two-mutation theory if an exponential 
rate of clone growth was assumed. 

Based upon these multiple-mutation ideas, the 
most realistic theory now would seem to require the 
following sequence of events : (1) mutation ; (2) clone 
growth from the mutated cell; (3) another mutation 
somewhere in the clone; (4) growth of a new clone 
from the cell with the second mutation ; (5) a third 
mutation in the second clone and so on until a cancer 
clone is the result. The first three steps of the above 
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sequence are essentially the two-stage theory of 
Armitage and Doll‘, if it is assumed that the growth- 
rate of the first clone is exponential. However, I 
believe there is a more reasonable growth-rate than 
the exponential, which leads to an improved agree- 
ment between theory and experience. 

Free cells, such as bacteria, are observed to grow 
exponentially in number, as long as the conditions 
for growth are maintained. They do so because they 
divide again and again at a constant rate, each 
generation doubling the number of cells present. 
The cells in the germinal layer of adult mammalian 
epithelium, on the other hand, stay essentially 
constant in number in spite of a finite mitotic rate. 
After mitosis, half the daughter cells leave the 
germinal layer and move outward, maturing and 
finally dying. The maturing cells no longer divide, 
so that a constant number of reproducing cells is 
maintained in the germinal layer whatever the 
mitotic rate. Consider now a clone of mutated cells 
in epithelial tissue. If the clone be non-malignant, 
the advantage of the mutated cells over their normal 
neighbours is likely to be small, and the germinal 
layer of the clone should expand laterally at some 
slow rate. Since the environment at the perimeter 
of the clone is in an essentially steady state—a sheet 
of mutated cells in edgewise contact with a sheet of 
normal cells—the rate of spreading of the clone 
should remain approximately constant. (Only when 
the clone consists of half a dozen cells or fewer 
should the lateral growth-rate differ from its final 
constant value, for only then is the perimeter of the 
clone appreciably curved on the scale of cellular 
dimensions.) The mitotic rate in the interior of a 
clone should not affect its rate of spreading at all, 
for the reasons already discussed for normal epithe- 
lium. 

If the radius of a clone increases at a steady rate, 
say r = a(t — +), where r is the clone radius, ¢ is the 
time, t is the time at which the clone started growing, 
and « is a constant, then the area of the clone will be 
a =nr* = na*(t — +)*. The number of cells in the 
clone will be proportional to its area, hence 


number of cells = 8(¢ — t+)? (1) 


where § is a constant, ¢ is time, and + is the time of 
clone initiation. A law of this sort for the growth of 


non-malignant mutant epithelial clones seems more 
reasonable than the exponential, which should 
correspond more nearly to malignancy. 

The consequences of a power law of the form 
8(t — +)* for the number of cells in a clone are very 
interesting and suggestive. Assume first the simplest 
possibility, namely, that all mutation-rates and clone 
growth-rates are constant. Then the rate of appear- 
ance of cancers in a population should be propor- 
tional to a power of the time, 


Cancer-rate ~ (age)3("-1) (2) 
where n is the number of mutations required. Con- 
sider n = 1, 2, 3 successively in detail. For n = 1, 


equation (2) indicates that the rate is a constant, as 
it should be if the first mutation were to produce 
cancer. Cancers of this type, appearing at an early 
age in many members of the population, would be 
strongly selected against genetically, and should 
largely hive been eliminated through the evolutionary 
process. However, carcinogenic materials that were 
not often found in the environment of our ancestors 
might be able to produce single-mutation cancers. 
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For n = 2, the number of clones produced by the 
first mutation is proportional to (age) and the average 
number of cells in each to (age)*. The aggregate 
number of cells where the second mutation can occur 
is then proportional to (age)*. If the second mutation 
leads to cancer, the cancer initiation-rate will be 
proportional to (age)? as the formula (age)3(n-1) 
indicates. That this expression is correct can be 
seen by direct computation of the number of cells in 
the various clones at time ¢t. Let R be the mutation- 
rate per individual, so that his number of mutant 
clones is Rt. Then in the time interval t to + + dr 
the number of clones formed is Rdt. Each of them at 
subsequent time ¢ contains 6(t — +)? cells. Adding, 
the total number of cells is : 
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n = { A(t — zt)? Rdt = RGt/3 
t=0 


For n = 3, another factor of (age)® is introduced, 
giving finally (age)3(-1) = (age)*® for the rate of 
appearance of a three-mutation cancer. 

The large number of human epithelial cancers 
with incidence-rates observed to be proportional to 
(age)® suggests strongly that three mutations are 
required for the initiation of most human carcinoma. 

Suppose now that the question of chemical or 
radiation carcinogenesis is raised. Again assume 
the simplest conditions: uniform exposure to a 
carcinogenic agent that produces all the required 
mutations, and uniform growth-rate of clones. Then 
the rate of appearance of cancer is proportional to a 
power of the dose-rate as well as to a power of the 
time, 


Cancer-rate ~ (dose-rate)"(age)3\"-1) (3) 


The dose-rate appears only to the power n because 
it affects only the n required mutations and not the 
(n — 1) clone growth-rates. If the carcinogen were 
to cause only m of the mutations, with m < n, then 
the cancer initiation-rate would be 


Cancer-rate ~ (dose-rate)”(age)3("-1) (4) 


and would be directly proportional to the concen- 
tration of carcinogen should m = 1. 

When the dose of carcinogen varies with time, it 
is easy to see that many different time-dependences 
can be obtained for the rate of incidence of cancer. 
Similarly, if the growth-rates of clones were to 
depend upon the hormone balance of the organism 
and to change with time, as suggested by Armitage 
and Doll®, still other time-dependences could be 
obtained. 

Multiple-mutation theories of carcinogenesis will 
have to stand or fall through the degree of their 
agreement with observations of the progress of the 
disease in afflicted organisms, and with the increases 
in the cancer-rate produced by age, carcinogenic 
materials, and radiation. Semi-quantitatively, at 
least, the model here proposed appears to be in 
agreement with such observations. 

J. C. FISHER 

General Electric Research Laboratory, 

Schenectady, New York. 

Nov. 1. 

? Fisher, J. C., and Hollomon, J. H., Cancer, 4, 916 (195i). 
* Muller, H. J., Sci. in Prog. 7, 130 (1951). 
*Nordling, C. O., Nord. Med., 47, 817 (1952). 
* Nordling, C. O., Brit. J. Cancer, 7, 68 (1953). 
* Platt, R., Lancet, i, 867 (1955). 
* Armitage, P., and Doll, R., Brit. J. Cancer, 11, 161 (1957). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, March 3 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
ScIENCE GROUP (in the Joint Staff Common Room, University College, 
Gower Street, London, W.C.1), at 4.30 7= m.—Annual General Meeting. 
5.30 p.m.—Mr. F. Greenaway: “The Phlogiston Theory and Colling- 
wood’s Philosophy of History’. 


SOCIETY OF ENGINEERS (at the Geological Pongo Burlington 
House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. E. Tharratt : 
“The Saunders-Roe Pulse Jet Engine”. 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Prof. J. A. Wheeler (Princeton University) : “Physics 
as Geometry—the Present Status of Einstein’s Programme”’.* (Further 
lectures on March 5 and 10. 


UNIVERSITY OF LONDON (at the Westminster Hospital Medical 
School, Horseferry Road, London, 8.W.1), at 5.30 p.m.—Dr. Otto 
Westphal (University of Freiburg): ‘Bacterial Endotoxins ine. 
polysaccharides)—Chemical and Immunological Aspects” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON Geapeiee AND 
STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.— 
Mr. T. R. Puzey: “The Application of Nuclear Energy to Power 
Production”. 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Battersea 
Grammar School, Abbotswood a a eon London, 8.W.16), 
- 6.30 p.m.—Dr. H. J. Barber, Dr. I L. Jones, Dr. J. H. Pryor, Dr. 

J. A. Read, Dr. ©. W. Herd and Dr. K. G. A. Pankhurst: “Careers 
in Chemistry”. 


SocleTy OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Bel- 
grave Square, London, 8.W.1), at 6.30 p.m.—Sir Frederic Bartlett, 
F.R.S. “Applications of Psychology”. 


AMBASSADE DE FRANCE, BUREAU SCIENTIFIQUE (at the French 
Institute, 15 Queensberry Place, London, 8.W.7), at 8.30 p.m.— 
Monsieur 1’ Inspecteur Général G. Laclavére: “Contribution Francaise 
a l’Année Géophysique Internationale’. 


Tuesday, March 4 


INSTITUTION OF CHEMICAL ENGINEERS (at the Hoare Memorial 
Hall, Church House, Westminster, London, 8.W.1), at 9.30 a.m.— 
Spring Meeting. 

AMBASSADE DE FRANCE, BUREAU SCIENTIFIQUE (in the Chemistry 
Theatre, Royal College of Science, London, 8.W. 7), at 1.30 p.m.— 
Monsieur I’ Inspecteur Général G. Laclavére: “Oilin the Sahara”. 


INSTITUTION OF Post OFFICE ELECTRICAL ENGINEERS (at the 
Institution of Electrical Engineers, ad Place, London, W.C, 1m) at 
5 p.m.—Mr. L. Bubb and Mr. K. R. Wilderspin: ‘‘The Use of 
Rectangular Loop Magnetic Materialin Electronic Sw itching Circuits’’. 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Prof. E. Binning (University of Tiibingen): ‘‘Endo- 
genous Diurnal Periodicity in Plants and Animals”.* (Further lectures 
on March 5 and 7.) 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CIRCLE (at Savoy Place, London, W.C.2), at 6 p.m.—Discussion on 
“Some Impressions of Technical and Industrial Training in the United 
States”, opened by Dr. K. R. Sturley. 

INSTITUTION OF MECHANICAL ENGINEERS, APPLIED Pe page 
Group (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.— 
Discussion on “Mathematics in Mechanical Engineering”. 


SOCIETY FOR VISITING SCIENTISTS (at_5 Old Burlington Street, 


London, W.1), at 7.30 p.m.—Discussion Meeting on “The Future of 
the Railwa ys”. Chairman: Major-General G. N. Russell. Speakers : 
Monsieur Pieéintous Principal P. Weil and Mr. H. P. Barker. 

UNIVERSITY COLLEGE OF NORTH STAFFORDSHIRE (in the College 
© onference Hall, Keele, Staffordshire), at 8.30 p.m.—Prof. M. Polanyi, 
F.R.S. : “Understanding Ourselves’’. (First of three Lindsay Memorial 
Lectures on “The Sciences of Man”. Further lectures on March 6 
and 10.) 


Wednesday, March 5 


ASLIB (at the Connaught Rooms, Great Queen Street, London, 
w.c, 2), at 10 a.m. —Conference on “Scientific and Technical Trans- 
lation”. 

NATIONAL INSTITUTE OF OCEANOGRAPHY (at Wormley, Godalming, 
Surrey), at 2.30 p.m.—Dr. G. Laclavére : “The French Contribution 
to the International Geophysical Year’’. 

PHYSICAL SOCIETY wee mtg GROUP (at the Institute of Ophthalmo- 
logy, Judd Street, London, W.C.1), at 3.30 p.m.—Cdr. Dean Farns- 
he, (U.S. Naval Research) : “How the World Looks to a Color 


GEOLOGICAL eu oF LONDON (at Burlington House, Piccadilly, 
London, W.1), at p.m.—Dr. D. Robson: “The Geological 
Structure of the Wadi el Dirba Area of Sinai”; Dr. Frances 8. 
Alexander: “Observations on Tropical Weathering—a Study of ‘the 
Movement of Iron, Aluminium and Silicon in Weathering Rocks at 
Singapore”. 

INSTITUTE OF —— EDUCATION GROUP (at 47 Belgrave Square, 
London, 8.W.1), at 5. 15 p.m.—Annual General Meeting. 6 p.m.— 
Dr. Martin Sdeamea: “The Spinning Galaxy—a History in Co-opera- 
tion between Sciences”. 


AMBASSADE DE FRANCE, BUREAU SOIENTIFIQUE (at the Institute 
of Transport, 80 Portland Place, London, W.1), at 5.30 p.m.—Monsieur 
l’Ingénieur Principal P. ge “The Latest Developments and Future 
Prospects of the 8.N.C.F.” 
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NIVERSITY OF LONDON (at the Westminster Hospital ee 
School, Horseferry Road, London, 8.W.1), at 5.30 p.m.—Dr. Otto 
Westp! hal (University of Freiburg) : “Bacterial Eudotoxins— Bio. 
logient Activities and tavestigniions on their Mode of Action’’.* 


Society oF CHEMICAL INDUSTRY, Foop got (at 14 Belgrave 
Square, London, 8.W.1), at 6.15 p. _m.—Dr. D. Dickinson : “Relation- 
ship of Chemical Composition to Quality in Fruit and Vegetables for 
cry li Mr. L. P. Burroughs: “‘The Free Amino Acids of Certain 

ruits’ 


Thursday, March 6 


Roya Society (at Burlington House, Piccadilly, London, W.1), 

4.30 p.m.—Mr. J. H. Callomon: “Electronic Emission Spectra 
of the Carbon Disulphide Ion, CS,*”; Mr. N. K. Bridge and Mr 
Porter: “Primary Photoprocesses in Quinones and Dyes’, 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W. C.2), at 5.30 p.m.—Dr. F. Busemann and Mr. W. Casson 
“Results of Full-Scale Stability Tests on the British 182 kV. Grid 
System”; Dr. F. H. Last, Mr. E. Mills and Mr. N. D. Norris: “The 
Organization for nate Grid System Tests”’. 


INSTITUTE OF REFRIGERATION (at the Junior Institution of Eng- 
ineers, Pepys House, 14 Rochester Row, Westminster, London, 8.W.1), 
at 5.30 p.m. —Monsieur P. Vidal: “Modern Trends in Cold Store 
Design and Operationin France”. 


INSTITUTION OF MECHANICAL ENGINEERS, Be wy GRouP 
(at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.— 
jee on “How Should Liberal Studies be ‘dealt with in Technical 

Yolleges ?” 


INSTITUTE OF METALS, LONDON LocaL tg Hs (at 17 Belgrave 
PS rg ve S.W.1), at 6.30 p.m.—Mr. E. Hopkins: “High 
ity Iron” 


RoyaL Deseerorson (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Prof. W. R. Hawthorne, F.R.S. : “ Sero- Thermodynamics” . 


Thursday, March 6—Friday, March 7 


NATIONAL ASSOCIATION FOR MENTAL HEALTH (at the Assembly 
Hall, Church House, Westminster, London, 8.W.1),at 10 a.m. daily— 
Annual Conference—“The Repo: rt of the Royal Commission on the 
Law Relating to Mental ines 4 and Mental Deficiency : Implications 
for Local Authorities and the General Public’. 


Friday, March 7 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Lecture Hall of the 
British Museum (Natural History), Cromwell , London, 8.W.7), 
at 10.50 a.m.—Symposium on “Brit Fly”. 


Society OF DYERS AND COLOURISTS; LONDON SECTION (at the 
Royal Society, Burlington House, Piccadilly, London, W.1), at 6 p.m. 

—Dr. R. Wittwer: “Recent Developments in the Dyeing of Man- 
made Fibres”. 


NortH East Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
(in the Lecture Theatre of the Mining Institute, Newcastle-u 
Tyne), at 6.15 p.m.—Mr. A. M. Laird, Prof. A. W. Scott and Prof. 
A. 8. T. Thomson: “Experimental Investigations on Natural Circula- 
tion in Water-tube-boilers 


Saturday, March 8 


BRITISH MYCOLOGICAL Society (in the Lecture Theatre, London 
School of Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, London, W.C.1), at 11 a.m _—Meeting on “Some Mechanisms 
of Variation in Fungi”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

PuHysicistT, Senior grade (with an honours degree in physics, prefer- 
ably in the fleld of radiotherapy), for duties in the Radiot erapy 
Department—The Personnel Officer, St. Thomas’s Hospital, London, 
8.E.1 (March 8). 

LECTURER (preferably with an interest in marine zoology) IN 
ZooLoay at the University College of Ghana—The Secretary Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 

London, W.C.1 (March 13). 

PHYSICAL CHEMISTS (with an honours erie’ or equivalent, _ 
experience in corrosion or a related field) at the Research 
tories, Leatherhead, Surrey, for work on Brood of roblems pon scl 
in nuclear and conventional power stations—The Personnel Officer, 
Central Electricity ae Board, 24/30 Holborn, London, W.C.1, 
quoting Ref. N/53 (March 14). 

URER in PHysics—The Secretary, St. Mary’s Hospital Medical 
Schoo! (University of London), Paddington, London, W.2 (March 15). 
EARCH ASSISTANT IN PHYSIOLOGIOAL ELECTRONICS—The Secre- 
Ss ne a Court, The University, Glasgow (March 15). 
CHEMICAL INDUSTRIES RESEARCH WS IN CHEMISTRY 
7 Puysics—The Secretary, The University, Exeter (March 24). 
EOTURER or ASSISTANT LECTURER IN PLANT PHYSIOLOGY — 
e. .. reference to metabolism and plant biochemistry)—The 
tary and Registrar, The University, Southampton (March 24 

LECTURER or ASSISTANT LECTURER (preferably with qua: cations 
in mathematical analysis) IN MATHEMATICS at the University College 
of the West Indies—The ae Inter-University Council for 
(March aaa Overseas, 29 Woburn Square, London, W.C.1 

rch 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN Se ae 
ENGINEERING and Puysics—The Secretary and Registrar, The 
University, Southampton (March 29). 
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IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEM- 
ISTRY, PHYSIOLOGICAL CHEMISTRY, ea CHEMISTRY, 
AGRICULTURAL BOTANY, MICROBIOLOGY, GEOLOGY and PuHysics or 
related eek ait Registrar (Room 22, O.R. B. ), The University, 
Reading ( 81) 

LECTURER (ENGINEER, PHYSICIST or APPLIED MATHEMATICIAN) IN 
CIvIL or MECHANICAL ENGINEERING—The Registrar, University 
Cmca + Fae Wales and Monmouthshire, Cathays a ack, Cardiff 


LECTURER or ASSISTANT LECTURER IN INORGANIC AND STRUCTURAL 
CHEMISTRY—The istrar, The University, Leeds 2 (March 31). 

LECTURER (preferably with an interest in the mechanism of organic 
reactions) IN — (ORGANIC)—The Secretary, The University, 
Aberdeen (March 31). 

RESEARCH FELLOW (ZOOLOGIST, with interests in marine me oA 
The Registrar, University College, Singleton Park, Swansea (March 31). 

READER IN SOIL SCIENCE—The ‘Secretary, The University, Aberdeen 


(A = 2 
H FELLOW IN NATURAL SCIENCES or ENGINEERING—The 
Seneuy, Fellowships Committee, Trinity Hall, Cambridge (April 12). 

UNIVERSITY STUDENTS and FELLOWS, for experimental or theoretical 

research in nuclear and elementary particle ane 7 Professor 
of Natural Philosophy, The University, Glasgow (April 12). 
1m ‘ ee Registrar, The Datversity, Birmingham 

pr 

Esso STUDENT IN CHEMICAL ENGINEERING—The Registrar, Imperial 
College, London, 8.W.7 (April 25). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN BIO- 
OHEMISTRY, CHEMISTRY, CHEMOTHERAPY, ENGINEERING, METALLURGY, 
PHARMACOLOGY and PHysios—The Academic Registrar, University 
of London, Senate House, London, W.C.1 (April 30). 

LECTURER (with an honours degree in mathematics and experience 
in numerical methods and programming high-speed digital gy 
IN COMPUTING in the Department of Mathematics—The Reco: 
The of Aeronautics, Cranfield, Bletchley, Bucks (April 30). 

SENIOR LECTURER IN BACTERIOLOGY at the University of ee. 
Australia—The Secre Association of Universities of the 
Commonwealth, 36 Gordon 8 uare, London, W.C.1 (Australia, April 30). 

TURNER AND NEWALL RESEARCH FELLOW IN ENGINEERING, 
INORGANIO CHEMISTRY or PHysios—The Academic — Univer- 
sity of London, Senate House, London, W.C.1 (April 30). 

URER IN FUEL TECHNOLOGY AND re ENGINEERING— 
Th: strar, The University, Sheffield (May 1 
TUDENT IN CHEMICAL NINERS he Registrar, Univer- 
sity College, Gower Street, London, W.C.1 (May 16). 

ASSISTANT PROFESSOR IN THE DEPARTMENT OF Pauysios—University 
of New Deunentax. Fredericton, N.B., Canada. 

DIRECTOR (preferably hysicist, with: experience of research in 
fibre technology at a textile research institute in the U.K. ) or JUTE 
RESEARCH amennere at the Jute Research Institute, near Dacca 
East Pakistan—The Ministry of Labour and National Service (E. 9), 
Almack House, King Street, London, 8.W.1, quoting A.12/PAK/ 


163/TCS. 
LECTURER or ASSISTANT PROFESSOR IN CHEMISTRY—Department 
of Chemistry, United College, Winnipeg, Manitoba, Ca 
MATHEMATICIANS and PHYSIOIsTS (honours graduates in mathe- 
matics or physics) at the A.E.R.E. Harwell and the A.E. nfrith 
(Dorset), for work in theoretical reactor physics, neutron. transport 
theory and numerical ee Recruitment Officer (1029Y/34), 
Atomic Energy Research tablishinent. Harwell, Didcot, Berks. 
MRETALLURGIST (British = British nts, an honours degree in 
metallurgy or A.I.Met. or Fe uivalent, -_ industrial experience in 
ferrous and non-ferrous metallurgy) at the Ministry of Supply Royal 
rdnance Factory, Birtley, for research and development work in 
connexion with new ammunition manufacturing processes involving 
hot- and cold-drawing and extrusion of ferrous and non-ferrous materials 
—-The Ministry of Labour and National Service, Technical and Scien- 
tific Be? (K), ~ King Street, London, SW. 1, quoting Ref. 
(March 21). 


F.l 
Cochicathaneniice PROFESSOR IN PHYSICAL CHEMISTRY; a@ 
PROFESSOR/ASSISTANT PROFESSOR IN INORGANIC AND GENERAL 
CHEMISTRY; and an ASSISTANT PROFESSOR/LECTURER IN BiI0- 
CHEMISTRY—The Dean, College of Arts and Sciences, The University, 


Baghdad, Iraq. 

SENIOR LECTURER IN ANIMAL HUSBANDRY, LECTURER IN AGRI- 
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SENIOR TECHNICIAN (preferably with experience of histology and 
other biological techniques) IN THE ANATOMY DEPARTMENT, for 

and classwork—The Secretary, ~~ gael College, Gower 
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FOR ACCURACY, RELIABILITY AND 
FIRST-CLASS WORKMANSHIP IN 
METEOROLOGICAL INSTRUMENTS 


look for 


i=) 


F. DARTON & CO. LTD. 
Watford Herts 


available through your usual laboratory furnisher. 











ve s@q@99 is the Registered Trade Mark of 
GURR S GEORGE T. GURR LTD. 
Since 1915 «GURR’S” brand of MICROSCOPICAL STAINS and 
Reagents has become world-famous. 


If you want this world-famous brand, specify “GURR’S” 
and refuse any other. 
oe ge oe 
GEORGE T. GU 
36-138 NEW KINGS noaD. LONCON, S.W.6 














PER e DURAL 

Me BRONZEe 

TUBE, STRIP, WIRE 

,000 STANDARD STOCK SIZES 

No Quantity too small @ Home or Export 
H. ROLLET & CO., LTD. 


6, CHESHAM PLACE, LONDON.SW!. SLOane 3463 
Also at: LIVERPOOL, LEEDS, MANCHESTER BIRMINGHAM 





















‘ag @-hy.@ Heater 
Electhi Heated 


available in |, 3, 4 and 6 Test Units 


Sank 
KinjTipe 


Rinth Type 
ma 


Illustrated 
Catalogue 
on request to?- 


LABORATORY THERMAL EQUIPMENT 


GREENFIELD, Near OLDHAM, “t¢ 








Tel: Saddleworth 2788 ENGLAND 












Constructed in special grade ‘*Perspex’’; fully enclosed ; 
suitable for most solutions at temperatures of up to 
170 deg. F., and is complete with pump. 


Note the following advantages : 
@ Only two hose connections are needed 
@ Light weight and completely portable 


@ Can be cleaned and re-assembled in a few minutes by 
unskilled labour 


@ Solution is visible in filter chamber 
@ High output combined with low price 


Diameter 12 in., height 28 in., weight 62 Ib. Motor | h.p 
Capacity 400 gallons per hour, larger size 1,200 g.p.h. 


F. & R. M. HARRIS (BIRMINGHAM) LTD. 


Chemical Engineers 


17-18 DOE STREET, BIRMINGHAM, 4 
Telephone : CENtral 5585 
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have 
a 
new 
Eyepiece 
Camera 


Write for 
full details 


C. BAKER of Holborn LTD. 
Metron Works <‘ Purley Way 
Croydon + Surrey 
CROydon 3845-6-7 


PHOTOMICROGRAPHIC 
CAMERA for 35mm. film 


Write for full details of our extensive 
range of Photomicrographic Apparatus 


R. & J. BECK LTD. 
69/71 MORTIMER STREET, LONDON, W.! 

















GRANT 


THE STANDARD LABORATORY WATER BATH 


Range 10°C, to 100°C. 
Sensitivity .0.25°C. 
Propeller Stirring. 
Stainless Steel Tanks. 


Working Spaces range from 10” x 8" x7" (£27-5-0) 
to 24” x 12” x 11” (£32-0-0) 


GRANT INSTRUMENTS, BARRINGTON, CAMBRIDGE 


Tel. HARSTON 528 
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